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PART I
AN INVESTIGATION INTO AN AROMATIC 
ORGANOCADMIUM REARRANGEMENT
ABSTRACT
The meta substituted phenyl cadmium derivatives  containing  
t r i  f l  uoromethyl, f lu o ro , methyl, methylthio and methoxy were allowed 
to react with acetyl chloride. Only the methylthio and methoxy 
compounds gave rearrangement products. The m-dianisylcadmiurn reagent 
was allowed to react with acetyl bromide, acetic  anhydride and diacetyl 
su lf ide . The acid halides led to more rearrangement than acetic  
anhydride; with diacetyl su lf id e  no rearranged product was detected. 
m-Anisylcadmiurn ch loride , bromide and iodide were allowed to react  
with acetyl chloride and acetyl bromide, but no d ifference in the 
amounts of rearranged product was observed. When the m -d ian isy l-  
cadmium-acetyl chloride adduct was hydrolyzed with DCl/DgO, no 
deuterium was incorporated into the ring (nmr). When the 1-methoxy- 
2,4,6-trideutero-3-phenylcadmium-acetyl chloride adduct was hydrolyzed 
with acid, some protonation of the ring was noted (nmr, ms). On the 
basis of control experiments i t  is believed th a t  exchange of protons 
had taken place, rather than hydrolysis of the cadmium carbon bond.
Bromine and phenyl cyanate were allowed to react with the 
m-dianisyl cadmium reagent. I t  was found th a t  the former gave la rge ly  
rearranged product (75%), while the l a t t e r  gave only a small amount 
(5%) of jD -an ison itr i le .
INTRODUCTION
In 1957, Klemm and coworkers (1) noted that the reaction between 
meta-methoxybenzoyl chloride and meta-d ian isyl cadmium gave a product 
whose 2,4-dinitrophenylhydrazone was not identica l to th a t  of 3 ,3 ' -d i -  
methoxybenzophenone, the expected product. In frared  comparison of the 
ketonic products with th a t  of standard 3 , 3 ' -  and 3,4'-dimethoxybenzo- 
phenones indicated th a t  the product was made up of a mixture of the 
“normal" ( 3 ,3 '  isomer) and “rearranged" ( 3 , 4 ‘ isomer) benzophenones 
in a ra t io  o f 35:65.
Concurrently, Dauben and C o lle t te  ( 2 ) ,  investigating  the reaction  
of cyclohexenyl-1-carbonyl chloride with meta-dianisyl cadmium, found the 
product to contain a mixture of 2-methoxy-4b,5,6,7,8,8a-hexahydrofluorenone (A), 
and 3- and 4-methoxy-3‘ , 4 ' , 5 ' ,6'-tetrahydrobenzophenone (B,C). By 
u l t r a v io le t  and in frared  analyses, the composition was found to be 40% A,








These workers then undertook a study of the scope of this  
"rearrangement." In the reaction of the isomeric dianisyl cadmium 
reagents w ith  acetyl ch lo r ide , only the meta-isomer gave significant  
rearranged product (Equation 2 ) .
_ J e C 0 C l  „ ^
•2 'cd ^ S o M e
X=2-Me0- 96%, 4-MeO- 4%






In a series o f  reactions e-carbomethoxypropionyl chloride was 
treated w ith  a wide v a r ie ty  of substitu ted  diaryl cadmium reagents, i t  was 























A ll  in 100% isomeric purity 
*  Rearranged product
Equation 3
3Dauben and C o lle t te  also found that the reaction o f anhydrides with meta- 
dianisyl cadmium gave mixtures of "normal" and "abnormal" products.
The proposed mechanism is based on two reinforc ing e f fe c ts .  F i r s t ,  
the methoxy group powerfully activates i ts  para position to e le c tro p h i l ic  
attack; and, second, the cadmium atom is acting as an internal Lewis acid 
to which the carbonyl substituent coordinates. This l a t t e r  coordination 
renders the carbonyl more susceptible to nucleophilic attack by the 
aromatic ring and helps position the e lec troph ile  such that i t  can form 





















The intermediate E is  v isualized as reacting (in  Equation 1) via a 
Michael-type reaction to produce the fluorenone A.
Soon th e re a f te r ,  Martin and Walravens (3) reported that reaction  
of 2-bromo-3-nitrobenzoyl chloride with meta-dianisylcadmium gave only
2-bromo-4'-methoxy-3-nitrobenzophenone, (Equation 4 ) .  Nevertheless, 
reaction of o r th o - , meta- and £ara-d1anisylcadmium reagents with 3 -n i t ro -  
phthalic anhydride gave only the products expected; i . e . , no abnormal 
products were noted.
We decided to investigate  the scope and mechanism of th is  unusual 
reaction of aryl cadmium reagents fu r th e r .  The f i r s t  step was to observe 
the e f fe c t  the ring substituent has on the reaction products. Thus, the 
aryl cadmium reagents chosen fo r  study were those containing the following  
meta- substituents: f lu o ro ,  t r i f lu o ro m e th y l , methyl, methoxy, thiomethoxy,
and N,N-dimethylamino. The choice of these substituents re f le c ts  various 
r in g -ac tiva t in g  and -deactivating  a c t iv i t i e s .
Second, i f  coordination of the carbonyl substituents is a major 
factor in the proposed mechanism, various acylating agents may produce 
diverse resu lts . Consequently, acetyl ch loride,acety l bromide, acetic  
anhydride, and diacetyl su lf ide  were chosen.
Third , the e lectron ic  structure around cadmium may influence the 
extent of i t s  coordinating a b i l i t y ,  and hence the ra t io  of isomers. 
Therefore, in addition to d ia ry l cadmium reagents, the behavior o f a ry l -  




5An investigation into methods o f ve r ify in g  the proposed in te r ­
mediate E was also to be included. En route to intermediate E hydro­
chloric  acid is produced as a by-product. I t  seemed to us th a t  th is  is 
incompatible with intermediate E and tha t the carbon-cadmium bond cannot 
ex is t  i f  a true para-methoxyacetophenone compound containing a carbon- 
cadmium bond exists as in intermediate E.
F in a l ly ,  we wanted to take advantage of the d u a lity  of the meta- 
dianisyl reagent in synthesis, one p o s s ib i l i ty  being the reaction with  




The synthesis of ketones by way of organometallics has long been 
a major area of research. Currently t ra n s it io n  metals are being probed 
as possible synthetic reagents fo r  ketones. One of the most important 
organometallic intermediates fo r  ketone synthesis is the organocadmium 
compound. These reagents have been used in synthesizing ketones ranging 
from asymmetric and radioactive compounds to large cholesteryl 
derivatives, and as routes to ketone intermediates to be fu r th e r  reacted. 
Because organocadmium reagents are often used in one step o f a 
multistep process, they become buried in the l i t e r a tu r e .
There are a va r ie ty  o f reviews dealing with organocadmium reagents, 
most notably that of D. A. Sh irley  (4 ) .  This review covers the synthesis 
of ketones by the reaction of organic derivatives of magnesium, zinc and 
cadmium with acid halides reported up to the mid-1950's. Cason (5) 
had e a r l ie r  w ritten  a review on organocadmium reactions with acid halides 
and anhydrides, and he discussed the factors involved in preparing and 
handling organocadmium reagents. Nesmeyanov and Kocheshkov (6) have 
written a practical review, in which they describe procedures fo r  preparing 
and u t i l i z in g  various types of organocadmium reagents. Although not 
a complete l i te r a tu r e  survey, i t  serves as a guideline fo r  experimental 
work.
A chapter on organometallics, including a short section covering 
organocadmium reagents, has appeared in the review by Sonntag (7) on 
acid chloride reactions. Cois and Mandelbaum (8) prepared a short
survey of organocadmium reagents in 1966, although i t  is  essen tia lly  a 
repetit ion  of Sh ir ley 's  e a r l ie r  work, with a few current references 
included.
The in tention  here is to bring the synthesis of ketones by 
reaction of organocadmium reagents with acid halides up to date, and to 
include from S h ir ley 's  review the organocadmium reactions and combine 
them with current references to present a f u l l  review of past work.
In addition , a section is included on the synthesis of ketones by way 
of anhydride reactions with organocadmium reagents.
Synthesis
Organocadmium reagents are generally  synthesized from the 
corresponding Grignard reagent, although lith ium  reagents have also been 
u t i l iz e d .  I t  has been stated in various references th a t  the l ith ium  
reagent holds no advantage over the Grignard reagent as a precursor in 
organocadmium synthesis. In cases where Grignard reagents are d i f f i c u l t  
or impossible to prepare, however, the lith ium  route would be the method 
of choice.
The addition of anhydrous cadmium chloride to the Grignard 
reagent, best prepared from the alkyl or aryl bromide, has been 
performed at temperatures ranging from reflux ing  ether to Dry Ice-acetone. 
The choice here depends mainly on the s t a b i l i t y  of the cadmium reagent 
being formed; t e r t ia r y  alkylcadmiurn reagents are unstable at room 
temperature, fo r  example. I t  should be noted, however, tha t a t  0° the 
cadmium reagent often p re c ip ita tes ,  and the mixture becomes a thick  
sludge. The usual method is to add the cadmium chloride with s t i r r in g  
to a mixture of the Grignard reagent in ether and then raise to re f lux
temperature. To ensure the complete conversion of Grignard reagent to 
organocadmium a Gilman te s t  is usually performed (9 ) .
A new method (10) has been introduced to prepare arylcadmiurn 
reagents from cadmium carboxyl ate sa lts .  These sa lts  are thermalized
When th is  is allowed to react with perfluorobenzoyl chloride,  
the para-dibenzoyl compound is produced in 39% y ie ld .  The proposed 
mechanism involves formation of radicals  with subsequent loss of C02 . 
This route may be of l im ited  value since only the perfluoro aromatics 
have been used.
Direct preparation of organocadmium reagents from the metal has 
received some atten tion  la te ly .  I t  has been reported by Chenault and 
Tatibouet (11) th a t  alkyl iodides or a , 3-unsaturated bromides react  
with cadmium metal cuttings in DMSO, HMPT, and DMF. The metal 
reportedly dissolves rap id ly  in the solvent, which may account fo r  
i ts  high re a c t iv i ty  (Equation 7 ) .  These authors found th a t  the best
R I +  c d °  - H— T->  R2C d -(H M P T )2 ■ .R ‘ CP £ U  RCOR1
R=Et,Pr,Bu
R'=Me,Et,Pr,Bu





yields were realized by using a lky l iodides in HMPT. They iso la ted  
the dialkylcadmium reagent by d i s t i l l a t io n  and reported i t s  s truc tu re  
as R2Cd-(HMPT)2.
Cadmium, prepared by coprecip ita tion  o f i t s  vapors in a solvent 
matrix, has been reported to react with ethyl iodide (1 2 ) .  Best y ie ld s  
were achieved when two molar equivalents o f  cadmium vapor were condensed 
at 77°K with diglyme. Products were quantified  by hydrolysis w ith  10%
HC1 by use of vacuum line manipulations.
Reike has stated that w ith  potassium metal reduction o f cadmium 
salts leads to highly activated metal s lu rr ies  th a t  react w ith  a lky l  
iodides in good y ie ld  (13).
Nightingale and Wadsworth (14) reported the attempted conversion 
of phenylethynylmagnesiurn bromide to the corresponding cadmium reagent. 
After 1 hr of refluxing of e th er ,  the Gilman te s t  was s t i l l  p o s it iv e  
and reaction with acetyl chloride led to the carb in o l.  The preparation  
of phenyl ethynyl cadmi urn and i ts  reaction with acid ch lorides have 
since been reported (15). In addition ethynyl cadmi urn has been prepared 
and reacted with hexanoyl chloride in THF a t  5° to g ive 75% o f the 
n-pentyl ethynyl ketone (16).
Interestingly, i t  has been reported (17) th a t  y-benzyloxypropyl 
cadmium, when reacted with benzoyl ch loride, gave no ketone. Although 
no explanation was given for th is  unexpected r e s u l t ,  i t  would seem 
l ik e ly  that the Grignard reagent may be the more troublesome in te rm ed iate ,  
since reaction of cadmium reagents with ethers proceeds smoothly.
10
Solvent
The solvent of choice seems to be benzene which offers the 
advantages of higher y ie ld s ,  higher reaction temperature, fewer side 
products, and better homogeneity. The usual method is to d i s t i l l  most 
of the ether from the reaction f la s k ,  introduce benzene and continue 
d is t i l l in g  u n ti l  the temperature reaches about 80° ,  so as to replace 
about 75% of the ether (18). Some anomalies have been noted where a 
reaction in ether results  in a b e tte r  y ie ld  than th a t  in benzene, 
but this is rare (19). I t  has been reported that high molecular weight 
organocadmium reagents react s u f f ic ie n t ly  slowly with acid chlorides 
such that acid chloride attack on the ether becomes a competitive 
reaction (20).
Various workers, but p a r t ic u la r ly  Brunet (21) have observed that  
in reactions of diacid chlorides and acid chioride-esters in e ther, a 
small to major portion of the products contains the ethoxy moeity from 
reaction with the solvent (Equation 8 ) .  The y ie lds depend on the 
bulkiness of the organometallic group, as methyl and neo-pentyl 












Schweer and Schwarz (22) have studied cadmium reactions in 
various solvents in an attempt to maximize y ie lds . Of toluene, xylene 
and mesitylene, only with toluene was a respectable y ie ld  observed
11
(60%, MegCd with MeCOCl). Of the various polyethers studied the 
best y ields were achieved with diethyleneglycol d ie thy le ther (73%, Me2Cd 
with MeCOCl).
Dichloromethane has been used to a l im ited  extent as a solvent 
fo r  organocadmium reagents. Bentley (23) prepared a ketone derivative  
of thebaine in 80% y ie ld  with dipropylcadmiurn in HgCCl2 - Although 
i t  was not mentioned, the choice of th is  solvent may be due to 
s o lu b i l i ty  problems of the acid chloride. Dichloromethane has also been 
used as a solvent fo r  Grignard reagents (24 ) .  A noncoordinating solvent,  
i t  may impart abnormal properties on organocadmium reagents, but th is  
p o s s ib il i ty  has ye t to be explored.
The use of THF as a solvent has been done only in rare cases (1 6 ) ,  
because the ring is subject to cleavage by the organometallic reagent.
Mechanism
Inroads into the mechanism o f organocadmium reactions have been 
made recently . I t  has been shown (25) that the presence of magnesium 
salts are needed fo r  high y ie ld  preparations of ketones from acid 
chloride and organocadmium reagents. Although there is l i t t l e  d ifference  
in the r e a c t iv i ty  of a l ip h a t ic  acid chlorides, there is  general 
agreement that aromatic acid chlorides do not react at a l l  without 
magnesium sa lts  present. The contrasting results  fo r  acetyl and benzoyl 
chloride are summarized in Equation 9.
" in s itu" "purified"
MeCOCl + Me2Cd ----- > MeCOMe 80% 60%
PhCOCl + Me2Cd ------> PhCOMe 40-50% 0%
Equation 9
12
I t  has been shown (26) th a t  i f  one adds magnesium sa lts  to 
"p u r if ied " ,  s a l t - f r e e  organocadmium reagents, the r e a c t iv i ty  of the R2Cd 
is restored (Equation 10). These differences are more s tr ik in g  when
"in s i t u " "purified" + MgBr2
EtCOCl + Et2Cd ------*  EtCOEt 55% 55%
Equation 10
comparisons are made in the cadmium reactions with aldehydes (27).
Michel and Henry-Basch (28) studied the addition of a va r ie ty  of salts  
to "purified" organocadmium reagents, with the following results  
(Equation 11);





I t  has also been shown th a t  l ith ium  bromide, added to "p u r if ied " ,  
s a l t - f re e  organocadmium reagents helps to increase th e ir  r e a c t iv i ty  with 
acid chlorides, but to a lesser degree. Kollonitsch (29) has u t i l iz e d  th is  
fac t  in a se lec tive  synthesis o f a-keto esters. The cadmium reagent 
was in e r t  to the chlorooxalate in the absence o f  magnesium s a lts ;  but 
when the magnesium sa lts  were present, i t  reacted fu r th e r  to give 
a-hydroxyester. He found with the l ith ium  salts  the reaction was one 
of monosubstitution in reasonable y ie ld  (Equation 12). With oxalyl




chloride, the reaction to 1,2-diketone proceeded in 37% y ie ld  in the 
presence of l ith ium  bromide (Equation 13).
C1C0C0C1 + Bu2Cd ™ j -r >  BuCOCOBu (37%)
-50°
Equation 13
Soussan and Freon (30) have shown that the r e a c t iv i ty  of the 
organocadmium halide (RCdX) is  in fe r io r  to that of the parent (R2Cd), 
and that the presence of magnesium salts  is important to the re a c t iv i t ie s  
of both reagents (Equation 14).
EtCOCl + EtCdR" ----- >  EtCOEt
R" Yield
Et ("p u r if ie d " )  50%
Et (MgBr2 ) 80%
Br ("p u r if ie d " )  30-35%
Br (MgBr2 ) 45%
Equation 14
The purif ied  EtCdBr was obtained by addition of one molar 
equivalent of cadmium bromide to the d is t i l le d  diethyl cadmium, the 
ethylcadmium bromide being obtained by disproportionation . The authors 
also claim that the d ifference in r e a c t iv i ty  is evidence fo r  the 
presence of RCdX. There again, the d ifference in r e a c t iv i t ie s  is  more 
evident in the aldehyde reactions.
The composition of organocadmium halides has been reported from 
the analysis o f crystals  obtained by Tatibouet (31 ).  He found the 
ra tios  to be 1 :1 :1 :3  fo r  Mg:Cd:R:X with two molecules of coordinated
14
ether. This is fu rth e r  evidence fo r  the existence o f  RCdX.
Other sa lts  have been added to "purif ied" organocadmium reagents 
in order to tes t  th e ir  c a ta ly t ic  e f fe c t .  Michel and Henry-Basch (28) 
obtained the oxonium s a l t  (F) by addition of aluminum chloride to acetyl 
chloride in hexane. However, when the s a l t  was isolated and dissolved 
in carbon te trac h lo r id e ,  complex G was formed, as id e n t if ie d  by in frared  
analysis (v (C=0) 1598 cm~^). They also found that when G was allowed
@ ©  ° .....A1C13
CH,CsOAlCl. CH,-C
3 4 X C1
to react with dibutyl cadmium in mesitylene or benzene, ketone was obtained 
in 60% y ie ld  (Equation 15).
cci
Bu2Cd + G ' Benzene or> BuC0CH3 
Mesitylene
Equation 15
The oxonium s a lt  F remained unchanged in nitrobenzene 
(v (C=0) 2305 cnf^). When allowed to react with p u r if ied  d ib u ty l-  
cadmium in benzene or mesitylene, i t  afforded 2-hexanone (40%) and, 
the F riede l-C rafts  product (20%) (Equation 16).
PhNO 9
R2Cd + F m d r >  RC0CH3 + CH3C0Ph
Equation 16
In the presence o f f e r r ic  chloride a t  room temperature, p urif ied  
organocadmium reagents gave ketones in higher y ie lds  than the same
15
reaction with f e r r ic  chloride a t  low temperature (32 ) .  However, in the 
presence of magnesium salts  and with inverse addition (1 9 ) ,  the y ie lds  
of ketones were not s ig n if ic a n t ly  d i f fe re n t  (Equation 17).
PhCH=CHCQCl + R2Cd ------> PhCH=CHCOR FeCl3 MgX2
46-59% 40-65%
Equation 17
Ashby and Sanders (33) have attempted to define the composition 
of the organocadmium reagent. Through elegant in frared  and elemental 
analyses, the authors have shown that RCdX exists  in solution and that  
MCdX’ MgX-j exists in a c ry s ta l l in e  form, when CdX2 and the Grignard 
reagent are allowed to react in a 1:1 r a t io .  In frared  evidence points 
out the fac t  th a t  magnesium sa lts  complex with both the organocadmium 
reagent and the acid chloride. However, i t  is not known which complexing 
accounts fo r  the major portion of re a c t iv i ty .
When the Grignard reagent and cadmium chloride were added in a 
2:1 r a t io ,  only diorganocadmium and magnesium halide resulted. I t  was 
also shown that organocadmium reagents can not be kept fo r  long periods 
of time, unless kept in the cold and in the absence of l ig h t ,  because 
cadmium metal is  deposited.
Reactions
Far and above the most exploited reaction of organocadmium 
reagents is tha t with acid halides. In general, these reactions are 
performed on acid chlorides, in part because acid bromides are more 
highly subject to hydrolysis and the product y ie lds  are not much higher. 
Since S h ir ley 's  review, the types of acid chlorides and cadmium reagents 
have expanded a great dea l, including s te r ic a l ly  hindered and radio-
16
a c t iv e ly  labe lled  compounds and compounds containing in teresting  
fu n c t io n a l i t ie s .
An example o f a reaction with s te r ic a l ly  hindered reagents is  
given in Equation 18. Pivaloyl chloride reacts with d i-2 ,6-d im ethyl
MeoCC0Cl + D Z - C O C M e j
Equation 18
phenyl cadmium to produce the corresponding ketone in 50% y ie ld  (34).  
With acetyl ch loride , the y ie ld  of acetophenone product is 63%. The 
remarkable success o f  reactions of s te r ic a l ly  hindered systems has 
apparently not been exp lo ited , fo r  there is  a paucity of information 
on th is  subject.
Radioactively labe lled  acid chlorides (35) and labe lled  cadmium 
reagents (36) have been u t i l iz e d  with success (Equation 19).
0 0
Ph-C-Cl + Me?Cd ------> Ph-C-Me (67%)
*  c  *
0 0 
R-C-Cl + ((CH3 ) 2CH-CH2-)-2Cd ------> R-C-CH2-CH(CH3 ) 2 (72%)
AcO
Equation 19
C ost-to -y ie ld  ra t io s  are very important in these reactions and 
conditions are usually adjusted to ensure the maximum e ff ic ien cy .
17
Study of acid chlorides with substituents tha t are reactive  
toward most organometallic reagents has also been expanded in the 
past twenty years, a- (37) and g- (38) chloroacid chlorides a ffo rd  
no unexpected side products (Equation 20). The fa c t  th a t  there is no 
elimination from the g-chloro compounds points up the fac t  that organo-
CH3-CHC1-C0C1 + n-Bu2Cd ----- > CHgCHClCO-n-Bu
C1CH2CH2C0C1 + i -B u 2Cd ------> ClCH2CH2C0-i-Bu
Equation 20
cadmium reagents are not as basic as would be expected. Other in te resting  
acid chlorides that have been used with success are esters , from the 
parent hydroxyacid chloride (3 9 ) ,  and g-ethers (40) (Equation 21 and 22 
respective ly ).





















A reaction th a t proceeds with decarbonylation (See Equation 30) 
is  th a t of triphenyl acetyl ch loride (4 1 ). At ra tio s  of 2:1 (organo­
cadmium to acid ch lo ride) 12-46% y ie ld s  of ketone were observed, 
with 33-13% of subsequent hydrocarbon (Equation 23 ). However, a t
R2Cd + Ph3 CC0Cl ------> Ph3 CC0R + Ph3CR
j* Ratio Ketone Hydrocarbon
Me 2:1 12 33
Me 5:1 73 11
Et 2:1 40 13
n-Bu 2:1 46 18
n-Bu 5:1 63 11
Equation 23
ra tio s  of 5:1 the y ie ld  o f ketone was 63-73%. The t r i t y l  rad ical is  
most l ik e ly  an interm ediate here, w ith subsequent chain reaction  
involving the organom etallic. Perhaps w ith excess cadmium reagent 
coordination of the carbonyl oxygen is  am plified to the point where 
the carbonyl carbon is so h ighly e le c tro p h ilic  th a t i ts  attack is  
k in e t ic a lly  the route of choice.
Ketoacid chlorides have been allowed to react w ith cadmium 
reagents in  order to obtain diketones. In many cases (4 2 ), however, the 
in i t ia l  attack leads to c y c liza tio n  (Equation 24). I f  the substrate
p-TolCO C0C1
£ -T o l2Cd
D J L Q
j)-To l? 0 0
Equation 24
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Attempts to prepare diketo compounds through the use of
1,3-dioxane or 1,3-th ioxane deriva tives  o f ketoacid chlorides have been 
explored. I t  has been shown (43) however, th a t these protecting groups 
do not survive the conditions of organocadmium reactions when n=2 and 







(CH2 )nC0R R —Cl,0C00Et
~X=S7C > n-Bu — U ru  






when 1 ,3 -d ith ianes are used, the reaction  to the protected ketone 
proceeds smoothly.
The authors proposed that magnesium sa lts  coordinate with the 
ketal oxygen and the carbonyl to form a 7-membered ring  as shown in 










ethyl ester (H, R=0Et) was formed from the acid chloride or mixed 
anhydride. When the next lower homolog (Equation 26, n = l, R=0C00Et) 
was used, no opening o f the ketal was observed and the protected diketone
was formed in 47% y ie ld .
Table I  contains a l i s t  of a l l  the acid chioride-cadmium
reactions which could be found in the l i te r a tu r e  up through early  1978.
As has been mentioned, some other reactions may be buried in the 
l i te ra tu re  as one step in a m ulti step process. The en tries  are 
arranged in Table I according to  the complexity o f the cadmium reagent 
and then subdivided according to the complexity o f the acid ch loride. 
References preceded by "S" re fe r  to those th a t have been quoted from 
S h irley 's  review (4 ). The reader is  advised to consult th a t volume 





















Acid Chlorides w ith Organocadmium Reagents 
R'COCI + R2Cd ----- > R1 COR
R = Me
%Yi eld R e m a r k s R e f e r e n c e s
60 in toluene 22
23-31 in xylene 22
21-33 in mesitylene 22
73 in  diethylene 22
glycol d ie thy l 
ether
46 in  d iethylene 22
glycol d ibutyl
ether
64 in  d iethylene 22
glycol d iethyl 
ether
52 in d iethylene 22
glycol d ie th y l 
ether
81 ------  S69
40-50   44
85 ------  S81
67   35
XX ^    45
78   46
47   SI 03
56 — -  47























XX, 83   S50.S9
84 ------  S9
91 47
XX — -  48
85 — - 64
33 ------  50
85 ------  51
71 ------  SI 05
84 ------  SI 05
XX ------  48
XX — -  48
XX 48
XX------------------------- ------  48
69------------------------- ------  SI 04
33 as MeCdCl 52
78------------------------- ------  SI 13
XX as MeCdCl 52
XX + SI 17
65 + SI 17
67 ------  53
R'COCI %Y1eld Remarks
1-Tetralin-CH 2 C0C1 69 +
Ph2CHC0Cl XX -----------------
cyclo-CgH^CHPhCOCl 49 +
PhCH2 0 - ^ ^ ) ~ C 0 Cl 96 ----------------
a y C H g ^ C O C l 55 -----------------
Ph(CH2 )gC0Cl 40 -----------------
— n
13 ----------------
^ x o c i
0
^ j Q o i : C0C1





MeCOCl 50 as EtCdBr
MeCOCl 80,46 60% in absence 
of MgX2 sa lts
EtCOCl 55 55% when 
reconstituted
c i ( ch2 )3coci 78 ----------------
2-Furyl-COCl 61 ----------------
CH3 <CH2 ) 3 CHC1C° C1 XX -----------------
Et2CHCOCl 45 ----------------
Me3 CCH2 C0Cl 40-50 ----------------
PhCOCI 40-50 trace in absence 
of MgX2 sa lts
































CH3(CH2 ^ 6 C0C1 62
8 -Benzoyl-1 -naphthyl-C0C1 0
Ph3CC0Cl 39
8-(3 ,4-M e2 P h )-l-nap h thy l- 38
C0C1
8 -M esitoyl-l-naphthyl-COCl 51
95% lactone 




























































Me3 CCH2 CH2 C0C1
/— \
0 X
^ ( C H 2 )nC0 R
0 0 
^ C H 2 C0 R
^ c h 2 ch2coci
3.5-(M e0)2 PhC0Cl




74 + SI 24
R = Bu^
74------------------------- ------  S9
26,51 ------  S49.S19
17 t e r t - BupCd S9
43 ------  SI 9
10 j_-Bu2Cd 38
40-50 i-B u 2Cd 63
40-50 ------  44
0 a l l  4 -k e to - l ,3 - 43
dioxo structures  
n=l ,2 X=0,S 
R=C1, OCOOEt
47 R=0C00Et 43
17 — -  43
27 ------  S37
29------------------------- ------  66
83 ------  64
70 i-B u 2Cd 64
26
R'COCI %Yi eld Remarks
Ph2 CHC0Cl
8 - Benzoyl -1 -naphthyl-C0C1
8 - ( 2 , 6 -Me2 P h )-l-nap h thy l- 
COC1



























78 i~P en t2Cd





















































3-B r-2 ,4 ,6 -M e3 PhCH2 C0C1 
2 ,4 ,5 s6-Me4PhCH2C0Cl 
2 ,3 ,5 s6-Me4PhCH2C0Cl 








































































ch3 (ch2 ) 8
ch3 {ch2 ) 9
ch3 (ch2 ) 9
PhCH2OCH2CH2 CH2 
C H 3(c h 2 >10
ch3 ( c h 2 ) 11
ch3 (ch2 ) 11
ch3 (ch2 ) 13
CHg(CHg) 1 2
CH3<CH2>15








ch3 (ch2 ) 1 6 C0C1
CH3 (CH2 ) 4 C0C1






c ic h 2coci
MeCOCl
C1CH2 C0C1
CH3 (CH2 ) 2 1 C0C1 
cH3 ( CH2) 25COCl
%Yi e1d Remarks References
60 ------  76
20 ------  78
62 ------  34
50 ------  34
0 Cd° and 76 
coupling 
product
66   S55
17 — - 77
40 ------  77
34 calculated 78 
from the 
acid
0 ------  17
43 ------  77
18-----------------  S47
38 ------  77
15-----------------  S47
55-----------------  77
33 ------  SI 9
12 t— - SI 43
15   SI 43
(a) XX=No reported y ie ld
(b) See Equation 21
(c) R is not reported
(d) +_ = racemic
(e) £ - ,  unless otherwise noted
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D1 ketones have been prepared from d iacid  ch loride and organo­
cadmium reagents. The best y ie ld s  have been recorded fo r  adipyl 
d ich lo ride  (79) and the higher homologs (Equation 28). As has been
ClCO-(CH24-nCOCl + R2Cd RC0-(CH2 ) n-C0R
Equation 28
mentioned, Kollonitsch (29) prepared the 1 ,2-d iketone (n=0, R=Bu) from 
oxalyl ch loride and the cadmium reagent in the presence of lith iu m
bromide in a 37% y ie ld  a t -50 ° in THF. In the "normal" case oxalyl
ch loride undergoes t r ip le  addition w ith formation of a-hydroxyketone 
(80) in  22% y ie ld  (Equation 29 ). Even a t low temperatures in  hydrocarbon
OH
C1C0-C0C1 + Bu2Cd ------»  Bu-C-COBu
Bu
Equation 29
solvents w ith inverse ad d itio n , the y ie ld s  of 1 , 2 -diketone never 
exceeded 12%. Monoketones, however, were formed in 21-33% y ie ld s  from
a decarbonylation reaction (81) (Equation 30 ). Renson and Beetz (82)
^ 2 ^  -COC1C0-C0C1 c > R-C0-C0C1 R-C0C1 ------> R-COR
Equation 30
reported th a t reaction  o f malonyl d ich lo rid e  with organocadmium reagents 
afforded diketones in y ie ld s  ranging from 26-43% (Equation 31).








When n=2 (8 3 ), the main products were c y c lic  pseudoesters and 
lactones (Equation 3 2 ). I t  was suggested th a t these arose from i n i t i a l  














lactonized; the resu ltan t 1 -ch loro lactone was attacked by the cadmium 


















acid ch loride by the cadmium reagent followed by la c to n iza tio n  and 









S C  
0
Equation 34
When g lu ta ry l d ich lo rid e  was allowed to react w ith cadmium reagents
(84), no pseudoester was is o la te d . Instead , the main product was the
1-chlorolactone ( I )  obtained in a manner s im ila r  to equation 34.
1,4-Diketones were iso la ted  in a low but s ig n ific a n t y ie ld  (6-10%). 
In te re s tin g ly , the inertness o f y-lactones to organocadmium reagents (78)
31
has been u t i l iz e d  in a synthesis o f furans in  34% y ie ld  (Equation 35). 










Another strategy fo r  obtaining diketones from cadmium reagents
(85) has been to  employ the dicadmium halides with two molar equivalents  
of acid ch loride (Equation 36 ). Best y ie ld s  were obtained when n=5,6 or 10.
XMg-(CH2) n-MgX + CdCl2 ------>  ClCd-(CH2)n~CdCl -2-' RC0C1> RC0(CH2 ) nC0R
Equation 36
When n=4 or 8 the y ie ld s  were on the order o f 10-20%. Secondary reactions  
were possib le, and blackening o f the reaction medium in a i r  was noted.
In the course o f th e ir  work, Sousson and Freon (8 6 ) have explored 
the reaction  o f 1 ,4 -d i-G rignard  reagents o f 1 ,4-dibromobutane w ith one 
molar equivalent of cadmium ch lo ride . By d is t i l la t io n ,  they iso la ted  a 
compound in 20% y ie ld  claimed to be the cyc lic  5-membered r in g , (J ) .  I ts
v Cd ^
(J)
molecular weight was found to be 218; (c a lc :182 .76); i t  reacted to give  
ketones a t a much fa s te r  ra te  than the organocadmium reagent obtained 
from the 1:2 (Grignard to cadmium ch loride) compound. When th is
32
TABLE 11
Reactions o f Diacid Chlorides w ith in s itu  Organocadmium Reagents 
ClCO-R‘ -COCl + R2Cd ■ benzene* RC° - R' C0CR
R ClCO-R'-COCl Y ie ld s ^ Remarks Refere
Me (ch2 ) 4 (c o c i) 2 15 38% in  benzene 79
Me (ch2 ) 5 (c o c i) 2 60 28% hydroxyketone 
6 % dialcohol
87
Me (ch2 )8 (c o c i) 2 59 8 8
Et C1COCOC1 0 2 1 % hydroxyketone 81
Et CH2 (C0C1) 2 36 other products 82
Et (ch2 ) 3 (c o c i) 2 6 - 1 0 30-40% chlorolactone  
15-20% lactone
84
Et (ch2 ) 4 (c o c i) 2 80 89
Et (ch2 ) 4 (c o c i) 2 68 55% in benzene 79
Et Cl0C-fCH2 ) 3 - < ^ ) - ( C H 2 )3C0Cl 74 90
iv-Pr C1C0C0C1 3 25% hydroxyketone 
14% monoketone
81
H-Pr CH2 (C0C1) 2 31 other products 82
n-Pr (CH2 )4 (C0C1) 2 79 70% in benzene 79
n-Bu C1COCOC1 37 p u rifie d  LiBr added 29
jl-Bu CH2 (COCl) 2 43 other products 82
il-Bu (ch2 ) 4 (c o c i) 2 90 8 8 % in benzene 79
Jl-Bu (CH2 ) 4 (C0C1) 2 65-70 89
n-Pent C1COCOC1 0 23% hydroxyketone 
17% monoketone
81










Cl CO-R'-COCl Y ie ld ^  Remarks References
(CH2 ) 4 (C0C1) 2 90 91% in benzene 79
C1C0C0C1 0 20% hydroxyketone 81
2 2 % monoketone
CH2 (C0 C1 ) 2 21 other products 82
COCl 2 XX   91,92
(CH2 ) 4 (C0C1) 2 75   89
2 ,2 '-B iphenylene- 83   63
(COCl) 2
(CH2 )q(C0C1) 2 65   93
(a) XX=unreported y ie ld s
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"cyclic  compound" was treated  w ith benzoyl c h lo rid e , the dibenzoyl 
compound was obtained in 10-15% y ie ld s . As has been s ta ted , aromatic 
acid chlorides do not react w ith cadmium reagents in the absence of 
magnesium s a lts . Thus the authors point to i ts  re a c t iv ity  as a basis 
fo r the s tructure  o f the cyc lic  cadmium reagent. I t  should be 
mentioned th a t spectrophotometric data were not reported as confirmatory  
evidence.
Other d iacid  deriva tives  as s ta rtin g  m ateria ls  have been allowed 
to react with organocadmium reagents such as the acid ch loride-esters  
(K). These reactions have been known fo r  some tim e, but usually only 
the long-chain compounds have been reported (K, n>3).
ClC0-(CH2 )n-C00R
K
When n=0 , the main products from the reaction w ith d ia lk y l- 
cadmium reagents are the a-hydroxyesters, obtained from double addition  
(94 ), s im ila r  to the diacid chlorides (Equation 29). However, i t  was 
reported th a t the reaction of £ -  and £-tolylcadmium reagents, added 
inversely , to ethyl chlorooxalates gave a-keto'esters in 50 and 22% 
y ie ld s , respective ly  (9 5 ), (Equation 37).
EtCOCOCl + R2Cd ------> RCOCOEt
R = £ - and £ - to ly l  
Equation 37
Although no y ie ld s  were reported (9 6 ), the reaction o f the acid 
ch lo ride -es ter from malonic acid (K, n=l) w ith cadmium reagents was 







French workers (21) have reported th a t the reaction  o f acid  
ch loride-esters  derived from succinic acid when s t ir re d  in ether gave 
s ig n ific a n t y ie ld s  of succinate and in some cases c y c lic  lactones.
Here again, succinate appears to have arisen from attack by the ether
(see Equations 32 and 33 ). Results of th is  type seem to be unique in
that no other authors have reported such side products when working with
succinate acid ch loride esters; however, as has been mentioned, th is  
side reaction is  common fo r d iac id  ch lorides.
When the d im ethyl- and d ie thy l cadmium reagents were reacted w ith  
succinate acid ch lo ride -es ters  in  diisopropyl e th e r, the y-ketoesters  
resulted in 50% and 63% (97) y ie ld s , respective ly .
Huisgen and Ravenbusch (98) have reported the reaction o f 
diethyl cadmium with the 1 ,2-phenylene acid c h lo rid e -es te r (L) (Equation 39 ). 
Here the cadmium reagent attacks the acid ch loride and causes cy c liza tio n
(L)
Equation 39
with subsequent loss o f HC1. However, w ith the ph tha lic  acid ch lo rid e -  
ester or w ith c is -1,2-bic.yclobutyl acid ch lo rid e -e s te r (99) no cyc liza tio n  








^  COOMe vcoOMe
Equation 40
When phosgene and ethyl or phenyl chloroformate were allowed to  
react with diphenyl cadmium (9 1 ), the only products reported were, 
resp ective ly , benzophenone and ethyl benzoate or phenyl benzoate. 
However, when a lip h a tic  cadmium reagents were used w ith the chloro- 
formates, no esters could be iso lated  (Equation 41 ).
A summary of the acid ch lo ride -es ters  used in these reactions  
is presented in Table I I I .
Asymmetric compounds have been used as precursors fo r organo­
cadmium reactions. McDonnell and Davis (117) obtained a mixture of 
endo- and exo- bicycloacetyl compound,65%:35%, resp ec tive ly , in a to ta l 
of 51% y ie ld  from the endo-b ic y c lic  compound (M) and dimethyl cadmium 
(Equation 4 2 ). I t  was assumed th a t magnesium sa lts  isomerized the
C1C0C1 + Ph2Cd ------> PhCOPh
C1C0X + Ph2Cd ----- > PhCOX X=0Et,0Ph
Equation 41
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TABLE I I I
Reactions o f Acid Chloride-Esters with  
Organocadmium Reagents
R2Cd + R'00C-(CH2 )n-C0Cl ------> R'00C-(CH2 )n-C0R
R' = Me or Et
n /a  ^ %Yield^ )  Remarks References^
2 82 18% succinate 21
4 59,76   S100,S46




7 64   S100
8 76,84 ------  101,S46,S19
11 85 rad ioactive  102
Me*2Cd
(d) 62   103
1 XX   98
2 46   104
2 80 2 0 % succinate 21
2 0 lactone formation 83
2 63 isopropyl ether 97
as solvent
3 77   105
3 58 as EtCdBr 106
4 54   107
4 XX rad ioactive
(CH3C*H2) 2Cd 108
2- ( 2 ,3-d im ethyl) 42   109
38
R IX %Yield Remarks
Et homophthalic 0 39% / x .  Et
O C X
Et 8 8 8 ------ 0
n-Pr 2 42 38% succinate
n_-Pr 2 - ( 3 ,3-d im ethy l) 83 ------
n_-Pr 3 - ( 4 ,4 -d im ethy l) 71 ------
jX-Pr 7 95 ------
j_-Pr 2 29 71% succinate
1 -P r 7 10 ------
]X-Bu 0 4 ------
jX-Bu 1 XX ------
n-Bu 2 45,80 ------
n_-Bu 3-(3 E t,3 -n -B u ) 91 ------
1-Bu 0 7 ------
tert-B u 2 32 32% succinate
2-MeBu 2 60 ------
i-P e n t 2 41,44 ------
1-Pent 2 73-79 ------
i-P e n t 4 45 ------
j_-Pent 8 85 ------
sec-Pent 2 1 0 , 2 2 ------
neo-Pent 2 0 1 0 0 % succinate
cyclo-Pent 2 21 79% succinate
n_-Hex 2 26 74% succinate
jX-Hex 2 - ( 2 , 3-d im ethyl) 62-74 ------
JX-Hex 3 -(3 ,3 -d im e th y l) 78 ------




































£ -To ly l



































































7-Me-0ct 7 55 ------ SI 35
4-Me-0ct 8 54 ------ SI 36
6-Me-0ct 8 77 ------ S46
Ph0(CH2 ) 4 1,2-Phenylene 52 ------ 98
3-Me-Nonyl 7 43 ------ SI 36
4-Me-Nonyl 7 46 ------ SI 36
5-Me-Nonyl 8 65 ------ SI 41
8 -Me-Nonyl 8 46 ------ SI 07

















































































Docosyl 8 80 S38
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R n. %Yie1d Remarks References
Pentacosyl 10-(u)-cyc1ohexy1- 58   S85
oxy)
(e) XX XX   115
(a) ( ) shows substituents on main chain
(b) XX means unreported y ie ld s
(c) "S" re fe rs  to l i t e r a tu r e  c ita tio n s  in  S h irley  (4 ) 
^  MeOOC—< >— C0C1
(e) Made a l l  4-16-oxo-dodecyl esters; no y ie ld ,  no experimental
( f )  COOMe 
C10CCH2 ^






dimethyl cadmium s im ila r  resu lts  were obtained. I t  should be noted 
however, th a t a f te r  40 days in  a D ry-Ice acetone bath the m ixture of 
the b ic y c lic  products above was 51:49, endo: exo. Thus, perhaps the 
organocadmium compound reacted s te re o s p e c ific a lly , and the resu ltan t 
ketones then underwent isom erization. Indeed, th is  aurgument is  
supported by the work o f Cason and Schmitz (1 0 9 ), who found no 
epim erization (Equation 43) in the lactone product from o p tic a lly  
active compound (N) w ith organocadmium reagents. In the preparation
of the s ta rtin g  acid c h lo r id e -e s te r, however, some epim erization did 
take place and th is  amount was carried  through in to  the lactone. 
Subsequently, other authors have found th a t no s ig n ific a n t change in 
optical a c t iv ity  has been observed in the reaction  o f organocadmium 
reagents w ith asymmetric acid chlorides (see Table IV ).
I t  is  worthy o f note th a t Lwowski (100) reacted o p tic a lly  ac ti 






















































(a ) Cholesteryl D erivatives:Tab le VI
(b) Yields lab e lled  XX were not given in l i te r a tu r e
(c) *  Denotes asymmetry
types of ketones in 46% y ie ld  through functional group exchange 











(0) ( -)  (-)
Equation 44
Compounds containing stra ined ring  systems have been subjected 
to organocadmium reactions. As has been mentioned (Equation 4 2 ), when 
endo-2-c h lorocarbonyl 2 .2 .0  -bicyclohexane reacted w ith dimethyl cadmium, 
the product consisted o f both endo- and exo- ketones. In co n tras t, 
c is-2-carbomethoxycyclobutane carbonyl ch loride (99) reacted in 40% 
y ie ld  w ith dimethylcadmium. Here no isom erization was reported  
(Equation 45).
, COOMe Me2Cd COOMe
C0C1 COMe
Equation 45
The fo llow ing ta b le  l is ts  various strained ring  systems th a t have 
been subjected to organocadmium reagents. Some o f the examples are , 
in ad d itio n , asymmetric or contain other functional groups and could 
have been placed in the appropriate tab les . However, the ring  
fu n c tio n a lity  makes them unique and thus they are l is te d  here.
Various unsaturated acid chlorides have been used as substrates  






Reactions of Organocadmium Compounds w ith Acid Chlorides  
















D iadd ition  to 
alcohol i f  
reaction run a t  
room temperature
























(a ) "S" re fe rs  to D. A. S h irley  (4)








have y e t to  be reported, many tra n s -isomers have been converted to  
products whose geometry has been preserved.
One substrate of note is  ( + ) - v inyl phenyl acetyl chloride  







and y e t no isom erization in the product was noted (130 ). This points 
up the p o s s ib ility  th a t cadmium reagents are not as basic as is  
generally  thought ( th is  property w il l  be elaborated la t e r ) .
Table VI l is t s  the unsaturated compounds trea ted  w ith organo­
cadmium reagents. A ll s ta rtin g  m ateria ls  have a trans con figura tion , 
where appropriate. As before, references preceded by "S" re fe r  to  
c ita tio n s  from S h ir le y 's  review (4 ) .
The formation of ketones from cholesteryl acid chlorides has 
been reported in many instances. The route from the organocadmium 
reagent is usually the method of choice because few side reactions  
are noted, such as diastereom eric isom erization , a ttack  a t ester  
protecting functions, or heteroring form ation. The acid chlorides  
in Table V I I  are arranged fo r  ease of reading. R" is  the main s tero id  
ring system; R' shows the substituents on the rin g ; and the side  
group construction is  shown under the acid ch loride heading. A ll  
but three en tries  have the acid ch loride on the side chain. Entry 
#5 has the acid ch loride in the 3 -p o s itio n , w hile en tries  #6 and #9 
have s tero id  fragments.
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TABLE V I
Reactions o f Unsaturated Acid Chlorides 
























Me0 - ^ ^ V - C0C1
MeO ^ ^ B r
ch3ch=ch=coci
ch3ch=chcoci
( ch3 ) 2c=ch- coci
ch3ch=chcoci
















n-Hept CH2=CH(CH2 ) 8C0C1
(b) PhCH=CHCOCl
(b) PhCH=CHCOCl
(a) XX=no reported y ie ld







with FeCl3 at 
room temperature


















TABLE V I I
Synthesis of Ketones from Cholesteryl Derivatives  
by way of Organocadmium Reagents
R«Cd





































labe lled  Me*2Cd 135



















Acid Chloride  
R'-CHCH3 (CH)2 C0C1
R'=3AcO,a R
i -B u* R'-CH(CH3 )CH2 C0C1
R'=3AcO,A5R"










Ph , R‘ CH(CH3)COCl
R'=3AcO,a5 R"









Ph R'-CH(CH3 )CH2 C0C1
Ri=3,12-Ac02 R"





























Acid Chloride %Yie1 d Remarks References
Mes R'-Ch(CH3 )C0Cl - -    S3!
R-=3AcO,A5 R"
Mes R'-CH(CH3 )C0C1 46   137
R'=3-AcO,A5 -R"
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Reactions of acid anhydrides with organocadmium reagents have 
had lim ited  use due p a r t ly  to the low y ie lds  tha t have been reported  
and p art ly  from side product formation.
De Benneville performed an extensive study on cadmium reactions  
of anhydrides. The best y ie ld s  are obtained from diphenyl cadmium and 
acyclic anhydrides (Equation 47). He also reported the y ie ld  of the
PhoCd + (RCO-kO ----- >  RCOPh _R_ %Yield
CH3 75
Et 68
1 -P r  72
Equation 47
reaction between dimethyl cadmium and phthalic anhydride to be 47-63% 
of the a-acetylbenzoic acid.
3- and 4 -n itro p h th a lic  anhydrides react with dimethyl cadmium (41) 






In contrast to De Benneville 's  report,  these authors found that  
reaction of dimethyl cadmium with phthalic  anhydride does not give the 
keto acid but instead 3,3-dim ethylphthalide (Equation 49). Both of 
these groups used Identica l reaction conditions in th e i r  work; 
addition of the anhydride 1n ether a t  ice-bath temperatures, re f lux ing  
fo r  1 - 2  hr, and 1 0 % H2 S0  ^ work-up.
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0
Me«Cd ,0  ? ^  { m )
00
Equation 49
An anhydride der iva t ive  o f pyrrole has been allowed to react with  








Anhydride reactions are l is te d  in Table V I I I .
Rearrangements
The rearrangements o f organocadmium reagents are not well-known. 
Indeed, most reviews dealing with the subject of organometallic rearrange­
ments contain no mention o f cadmium reagents.
However, i t  has been shown (147) th a t  reactions of d ic ro ty l-  
cadmium with ketones and aldehydes lead exclusively  to rearranged 
alcohols (Equation 51). I t  has also been reported (148) that d ic ro ty l-  
cadmium, when hydrolyzed with water, gives 1 -butene as the main product.
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TABLE V I I I
The Reactions o f Anhydrides 
with Organocadmium Reagents
(R'COf20 + R2Cd ----- > RCOR1
R (R'CO^O %Y i e 1 d a^ ^ Remarks Referei




Me Phthalic 0 60% phthal ide 141
Me Phthalic XX ------ 98
Me 3 -N itrop h th a lic 53 ------ 143
Me 3-N itrop h th a lic 29.7 ------ 141
Me 4-N itrop h th a lic 40 also phthalide 144
Me 4 -N itro p h th a lic 38 ------ 141
Me 4-Acetamidophthali c 6.7 2 2 % phthal ide 141
Et Phthalic 64-67 3 Mol. eq. 
Me2Cd
140
Et PhCOOCOOEt 0 61% PhCOEt 145
Et © 0
o ^ o ^ o
95 ------ 42
Et Benzoic 53 ------ 140
i - P r Benzoic 33-44 as i-PrCdBr 
1-PrCdI
140
n-Bu Acetic 56 trace without 
magnesium salts
25
n-Bu Acetic 55 55% when 
reconstituted
26















3 -N itrop h th a lic

































(a) XX means no reported y ie ld
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0 R'CH3









In te re s t in g ly ,  the other products obtained were the expected t ra n s -2- 
butene and c is - 2-butene (Equation 52).








The fa c t  that c is -  and trans- isomers show up in ess en tia l ly  equal 
y ie lds  may ind icate  tha t the crotylcadmium and 1 -butenylcadmium 
reagents are in equilibrium .
In contrast, " s a l t - f re e "  dicrotylcadmium (149), prepared from 
the corresponding boron reagent, reacts with carbon dioxide to give 
the unrearranged acid (Equation 53),
(CH3 -CH=CH-CH2-)-2 Cd + C02 ------->  CH3 CH=CH-CH2 -C00H
Equation 53
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Unlike the corresponding Grignard reagent, dibenzyl cadmium 
does not rearrange to give ring substitu tion  with e i th e r  acid chlorides  
or carbonyl compounds (150).
As has already been mentioned in the In troduction, three groups 
of workers have found the m-dianisylcadmium reagent leads to rearranged 
( para) products with aromatic and a l ip h a t ic  chlorides and with  
a l ip h a t ic  acid anhydrides. Dauben and C o lle t te  (2) in addition showed 
that £ - ,  m-, and £-ditolylcadmium reagents give no appreciable 
rearrangement. In the case of £-dianisylcadmium reacting with acetyl 
chloride , 4% of the to ta l  isolated y ie ld  was found to be £-methoxy- 
acetophenone. Analysis of the s ta r t in g  material showed only 0.5% of  
£-bromoanisole. Thus, formation of some of the para products must be 
a ttr ib u ted  to rearrangement. Although no explanation was presented 
fo r  th is  side product, i t  is thought that the in ternal Lewis acid 
a b i l i t y  o f the cadmium atom may cause a small but s ig n if ic a n t  amount 
of methylcarboxoniurn ion to be produced. This was then attacked in 
the manner o f a F r iede l-C ra fts  reaction by anisole.
The problem of the rearrangement of aryl cadmium reagents is  the  
subject o f Part 1 of th is  thesis .
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EXPERIMENTAL
In frared ( i r )  spectra were recorded as f ilm s or KBr pe lle ts  on 
a Perkin-Elmer Model 337 grating spectrophotometer. Nuclear Magnetic 
Resonance (nmr) spectra were recorded on a Jeol JMN-MH-100 spectrometer 
in deuteriochloroform, unless otherwise noted. Chemical s h if ts  are 
reported in parts per m il l io n  downfield from tetramethyl si lane as an 
internal standard. A ll  spectra were compared to those reproduced by 
Sadtler Laboratories (151) where appropriate.
Gas l iq u id  p a r t i t io n  chromatographic (glpc) analyses and 
separations were performed with a Varian Model 90-P Gas Chromatograph 
equipped with a 10' X V ' copper column packed with 10% carbowax 2M on 
chromosorb W. Column conditions are noted where appropriate. Collection  
of samples from the gc fo r  i r  analyses was accomplished by employing a 
V-shaped glass tube at the gas e x i t  with the bend submerged in a Dry 
Ice-acetone bath. A number of runs were usually necessary to c o l le c t  
s u f f ic ie n t  sample fo r  analysis . The contents of the tube were washed 
with ether d i r e c t ly  onto s a l t  p la tes , or onto KBr, and the solvent 
removed by evaporation. Collection of samples fo r  nmr analyses usually  
required a la rger  number of runs. This was accomplished by placing an 
L-shaped tube d ire c t ly  into an nmr tube which was placed in an ice-water  
bath.
Peak areas were determined as the product o f the height and the  
half-he igh t peak width. Exact ra t ios  of peaks was determined using 
internal standards.
Melting Points (mp) were determined on a Hoover C ap illary  
Melting Point Apparatus and are uncorrected. A ll temperatures are
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reported in degrees Centigrade. Elemental analyses were performed e ith e r  
at Galbraith Laboratories, Knoxville , Tennessee, or by Mrs. Judy Daigle 
of UNH.
The m ateria ls used in the reactions were e i th e r  obtained
commercially or synthesized independently. Diethyl ether was refluxed
and d is t i l le d  from l ith ium  tetrahydridoaluminate and stored over sodium
wire. Acetyl chloride was obtained from A l l ie d  Chemical Co. and d is t i l le d
prio r to use. Cadmium chloride was heated in an oven at 125° fo r  at
least 48 hr p r io r  to use.
jn-Bromoanisole was obtained from Aldrich Chemical Co and vacuum
d is t i l le d  p r io r  to use, because glpc analysis showed that i t  contained
a large amount o f m-bromoaniline (UNH i r :23155) which was saved and
used in subsequent reactions.
UNH i r :  23154
Sadtler i r :  42441
Sadtler nmr: 13769
m-Bromonitrobenzene. This procedure is ess en tia l ly  that of Johnson and
Gauerke (152). A 3-necked, 250-mL round-bottomed f la s k ,  f i t t e d  with an
addition funnel, condenser and thermometer, and containing 90 g (0.732 mol)
of fresh ly  d is t i l l e d  nitrobenzene, was heated with magnetic s t i r r in g  to
135-145° in an o i l  bath. Then 2.5 g of iron f i l in g s  (40 mesh) was added.
A hose was attached to the top of the condenser and run to a position
above the surface of some water contained in a beaker. This was to
monitor the evolution of HBr and Br^ that might have passed through the
condenser. Twenty mL of bromine was added dropwise over a period of
30 min to the rap id ly  s t ir re d  mixture such tha t l i t t l e  or no bromine
traversed the condenser. Heating was continued fo r  an additional
30 min a f te r  the add ition . At th is  time another 2 .5  g of iron f i l in g s
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was added and another 20 mL of bromine was added dropwise. Again the 
mixture was heated fo r  60 min a f te r  add ition . This process was repeated 
once more. At that time 1.2 g of iron f i l in g s  was added and heating 
continued fo r  60 min. A fte r  being cooled to room temperature, the 
mixture was quenched with 500 mL of water containing 16 mL of saturated  
sodium s u l f i t e .  The product was collected by steam d i s t i l l a t i o n  as a 
pale yellow so lid  in a beaker of ice water. This was done in a hood 
because su lfu r  dioxide was evolved. When no more so lid  was being 
co llected , the crude product was iso la ted  by suction f i l t r a t i o n .  The 
solid was vacuum d is t i l le d  to afford  69.7 g (47%) of pale yellow  
crys ta ls , bp 95-110° (1 .5  mm)fmp 50-53°; l i t (153) mp 56°.
UNH i r :  22946
Sadtler i r :  16554
m-Bromoannine. This process is ess en tia l ly  tha t of Speekman and 
Wilbault (154). To a 3-necked, 500-mL round-bottomed f la s k ,  f i t t e d  
with a condenser and a gas in le t  tube, were added 50 g (0.248 mol) of 
m-bromonitrobenzene, 50 g o f iron f i l in g s  (40 mesh) and 250 mL of 95% 
ethanol. The in le t  tube was placed well below the surface of the ethanol. 
The other end o f th is  tube was connected via a calcium chloride drying 
tube to the side arm of a f i l t e r  f las k  containing sodium chloride.  
Concentrated s u lfu r ic  acid, contained in a separatory funnel th a t  was 
placed in to  the f lask  vi_a a one-holed rubber stopper, was dripped onto 
the s a l t  so as to generate HC1 at such a rate  tha t a vigorous reaction  
was maintained in the round-bottomed f la s k . Heating the f i l t e r  f lask  
was necessary to generate a steady stream of dry HC1. The HC1 generator 
was emptied and recharged when spent. A fte r  about 2 h r ,  when no more 
refluxing took place, the mixture was heated fo r  an additional 60 min.
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The apparatus was then changed over to a d i s t i l l a t io n  set-up, and 150 mL 
of ethanol was collected. A fte r  250 mL of water had been added, the 
mixture was d is t i l l e d  u n t i l  the temperature o f  the d i s t i l l a t e  reached 
90°. The residue was made a lk a l in e  and the milky suspension steam 
d is t i l le d .  When no more immiscible amine came over, the o i l  was separated
and the aqueous layer was extracted twice with 100 mL of ether. The
extracts and o i l  were dried (NagSO^) and concentrated in vacuo. The 
o i ly  residue was then vacuum d is t i l le d  to a ffo rd  19.3 g (45%), bp 90-95°  
(0 .5  mm); l i t (155) bp 122-124° (10 mm).
m-Bromo-N,N-dimethy1 a n i l in e . This procedure is  ess en tia l ly  th a t  o f  
Sheppard (156). A 3-necked, 250-mL round-bottomed f la s k ,  with a re f lu x  
condenser, addition funnel and thermometer, and containing 17.2 g 
(0.10 mol) of m-bromoaniline and 14.3 g (0.102 mol) of trim ethyl 
phosphate, was heated with magnetic s t i r r in g  to 150° over a period of 
60 min in an o i l  bath under a nitrogen atmosphere. The f la s k  was cooled 
and 15 g of sodium hydroxide in 100 mL of water was added with rapid  
s t i r r in g .  The mixture gelled and s t i r r in g  became impossible. A 
s t ir r in g  rod was used to break the gel so th a t  s t i r r in g  could be con­
tinued. A fte r  90 min, 200 mL of water was added, and the cooled solution  
was extracted twice with 150 mL of ether. The ether was dried (MgSO^) 
and concentrated under vacuum. When the residual o i l  was vacuum 
d is t i l l e d ,  there was obtained 12.5 g (63%) of colorless o i l ,  bp 65-70°  
(0.05 mm); l i t ^ 157  ^ bp 133-134° (15 mm).
UNH i r :  22970
Sadtler i r :  24368 (m-chloro compound used fo r  comparison) 
m-Bromofluorobenzene. This procedure is  e ss en t ia l ly  tha t of Flood (157). 
To a 3-necked, round-bottomed f la s k ,  f i t t e d  with a mechanical s t i r r e r ,
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addition funnel and a thermometer containing 25 mL o f  water, 16.5 mL 
of concentrated HC1, and 11.0 g (0.050 mol) o f m-bromoaniline, 
maintained a t  5° in a Dry Ice-acetone bath was added slowly an ice-cold  
solution of 12.0 g of sodium n i t r i t e  in 25 mL of water. The internal  
temperature was never allowed to exceed 7°. At the same time 22.0 g 
( 0 . 1 0  mol) of additional a n i l in e  was added, such that a l l  had been 
introduced before one-half of the n i t r i t e  solution was added. A fte r  
the remainder o f n i t r i t e  had been added, 30 g (0.34 mol) o f ice-cold  
f luoboric  acid (J . T. Baker) was added at a f a i r l y  rapid r a te ,  the 
temperature being maintained below 10°. A fte r  the orange mixture had 
been s t ir re d  fo r  another 30 min, the so lid  was collected by suction 
f i l t r a t i o n .  The p rec ip ita te  was washed with 15 mL of cold water,
15 mL of cold methanol, and 15 mL of cold e ther, being dried as 
thoroughly as possible between washings, and then placed in a vacuum 
desiccator overnight. The pink crystals  were placed in a 500-mL, 
round-bottomed f la s k ,  f i t t e d  with a good condenser ( in  a good hood, 
since BFg was to be generated in the next s tep). The f la s k  was 
heated with a flame near the top of the so lid . Although the decomp­
osition was supposed to proceed spontaneously, repeated heatings were 
necessary to complete the conversion. F in a l ly  the contents of the 
f lask  were heated vigorously. The re f lu x  set-up was converted for  
d i s t i l l a t i o n ,  and m-bromofluorobenzene was d is t i l le d  by means o f  a 
Bunsen burner. The o i ly  d i s t i l l a t e  was then washed twice with equal 
volumes of 15% NaOH and water, and dried ( CaCl2 ) ,  decanted and 
d is t i l le d  to give 8 .2  g (29%); bp 152°, l i t ^ 158  ^ bp 84-85°. In a 
second run with a more e f f ic ie n t  re f lu x  condenser, the y ie ld  was 
45%.
UNH i r :  23473
Sadtler i r :  18939
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m-Bromotrif1uoromethy! benzene. This procedure is described by Simons 
and Ramler (159). A 3-necked, 1-L round-bottomed f la s k ,  f i t t e d  with a 
mechanical s t i r r e r ,  addition funnel, condenser and thermometer, and 
containing 133 g (0.91 mol) of trifluoromethy!benzene (A ldrich ) and 
1 g of iron f i l in g s  (40 mesh), was heated to 60° on a steam bath, 
whereupon 3 mL o f  bromine was added dropwise. I f  the reaction fa i le d  
to s ta r t  ( id e n t i f ie d  by loss of bromine color and spontaneous re f lux ing )  
the temperature was increased to 70° and another gram of iron was added. 
Once the reaction had s ta rted , 21 mL of bromine was added dropwise over 
a period o f  1 hr. Heating and s t i r r in g  were continued fo r  1 h r ,  at  
which time another 25 mL of bromine was added. A fte r  being s t ir re d  fo r  
an additional hour, the mixture was cooled and poured into a solution of 
700 mL of water and 25 mL o f saturated sodium s u l f i t e .  More so lid  
NagSOg was added u n ti l  a l l  the red color had dissipated. The mixture  
was then steam d is t i l le d  u n t i l  no more o i ly  compound was co llected .
The separated o i ly  layer was washed with d i lu te  KOH, dried (MgSO^) and 
d is t i l le d  a t  atmospheric pressure through a Vigreaux column to give 
86.1 g (42%) of a colorless l iq u id ;  bp 149-155°; l i t ^ ^  bp 156°.
UNH i r :  23474
Sadtler i r :  20109
Ethyl Potassium Xanthate. A 3-necked, 250-mL round-bottomed f la s k ,  
f i t t e d  with an addition funnel, mechanical s t i r r e r  and thermometer, and 
containing 40 mL o f  absolute ethanol (R ossville , Gold Shield) and 5.6 g 
(0.10 mol) of KOH, was heated on a steam bath with s t i r r in g  u n t i l  the 
KOH was dissolved. While the temperature was maintained between 40-50°,  
8.2 mL (10.3 g, 0 .14 mol) of carbon d is u lf id e  was added dropwise in 
10 min. The f lask  was then cooled and 100 mL of petroleum ether was
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added. The so lid  sludge, a f te r  being broken up with a s t i r r in g  rod, was 
collected by suction and the p re c ip ita te  was washed with petroleum 
ether u n ti l  the washings were co lorless. The s o l id ,  dried by suction fo r  
30 min, was used without fu rth e r  p u r i f ic a t io n :  crude y ie ld  17.2 g
(106%).
Ethyl m- Bromophenyl Xanthate. This procedure is ess en tia l ly  th a t  of 
Tarbell and Fukushima (160). A 3-necked, 250-mL round-bottomed f la s k ,  
f i t t e d  with a mechanical s t i r r e r ,  addition funnel and low temperature 
thermometer and containing 20 g o f crushed ice and 18.7 g of 
concentrated HC1 was cooled in an ic e -s a l t  bath, while 17.2 g (0.10 mol) 
of m-bromoanillne was added slowly. When the temperature reached 0 ° ,  
a cold solution of 6 .9  g (0.10 mol) of sodium n i t r i t e  in 15.6 mL H20 
was added slowly, the temperature being held below 4°. This orange 
solution was kept cold during the addition to the xanthate which was 
to follow.
A 3-necked, 500-mL round-bottomed f las k  f i t t e d  with a mechanical 
s t i r r e r ,  addition funnel and thermometer, and containing 17.0 g 
(0.11 mol) o f ethyl potassium xanthate in 22.5 mL of water was s t ir re d  
and heated on a steam bath to 70°. The cold diazonium solution was 
added dropwise from an addition funnel in 15-mL portions, the remainder 
being kept cold in an ic e -s a l t  bath. CAUTION: EXPLOSIONS HAVE BEEN
REPORTED AT THIS STAGE (160). When a l l  the diazonium s a l t  had been 
added, (approx. 45 min), the solution was s t ir re d  a t  70° fo r  1 hr and 
then cooled to room temperature. The red o i l  was separated and the 
aqueous layer was extracted twice with 50 mL of ether. The extracts  
were combined with the o i l  and the ether was evaporated on a steam bath 
under a stream of nitrogen in a good hood. The xanthate was used without
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further p u r i f ic a t io n .
m-Bromothiophenol. This procedure is  ess en tia l ly  tha t o f Bordwell and 
Anderson (161). To a 3-necked, 500-mL round-bottomed f la s k ,  f i t t e d  
with a mechanical s t i r r e r  and re f lu x  condenser and containing 16 g 
of KOH in 100 mL of methanol and 16 mL of water, was added the o i l  from 
the preceding step, and the contents were heated a t  re f lu x  under nitrogen  
for 2 hr. This solution was then added, with s t i r r in g ,  to a 2-L f las k  
containing 1 L of water. The mixture was a c id if ie d  to Congo red paper, 
with concentrated HC1. The o i l  was separated and the aqueous layer was 
extracted twice with 50 mL of methylene ch loride. The extracts and o i l  
were combined and evaporated on a steam bath under a stream of nitrogen  
to constant weight. The resu lt ing  o i l  was used without fu r th e r  
p u rif ic a t io n .
a-Bromophenyl Methyl S u lf id e . To a solution of the o i l  obtained above 
in 11.7 g of NaOH and 147 mL of methanol, was added 8 . 8  mL of dimethyl 
sulfa te . The mixture was heated under re f lu x  with magnetic s t i r r in g  
for 1.5 hr, was cooled to room temperature and then extracted with 100 mL 
of methylene chloride. The gel tha t formed was a c id if ie d  (pH paper) 
with 10% HC1. The organic layer was separated, washed with 50 mL of 
10% ammonium hydroxide, 50 mL of 5% NaHC03 and 50 mL of H20 , dried  
(MgSO^) and concentrated under a stream of nitrogen. Vacuum d i s t i l l a t io n  
yielded three fractions bo iling  over a range of 65-73° (0 .5  mm), a l l  
having identica l i r s ,  giving 7 .5  g (36.9% y ie ld ,  based on m-bromoaniline); 
H t ^ 161) bp 100-104° (10 mm).
UNH i r :  23336, 23337, 23338
Sadtler i r :  21710
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Preparation of ja.,ji‘ -B ia n is y l . A solution of 50 g (0.03 mol) o f £ , £ ' -  
dihydroxybiphenyl and 4 .0  g (0.01 mol) o f sodium hydroxide in 50 mL 
of methanol was magnetically s t ir re d  as 4 .0  g of dimethyl su lfa te  was 
added dropwise. A fte r  reflux ing  fo r  60 min, the mixture was cooled, 
and the so lid  was collected by suction f i l t r a t i o n  and re c ry s ta l l iz e d  
from 95% ethanol; mp 174-176°; l i t ^ 162 m^p 174°. The f i l t r a t e  was 
rotary evaporated, dissolved in ether and washed with 5% NaOH. The 
ether layer was dried (Na2 S0^) and concentrated in vacuo. R e crysta ll-  
iza tion  of th is  so lid  from 95% ethanol gave a second crop of so lid ;  
mp 175-177°. The to ta l  y ie ld  was 3 .8  g (90%).
UNH i r :  23381
Sadtler i r :  37791
UNH nmr: 7203
Sadtler nmr: 8099
Phenyl Cyanate. This procedure is ess en tia l ly  tha t of Grigat and Putter  
(163). A 3-necked, 250-mL round-bottomed f la s k ,  f i t t e d  with a 
mechanical s t i r r e r ,  addition funnel and low-temperature thermometer, 
and containing 5.4  g (0.05 mol) of cyanogen bromide (A ldrich) in 100 mL
of dry e ther, was cooled to -10° (or lower) in a Dry Ice-acetone bath
and maintained there throughout the reaction. A solution of 4.65 g 
(0.05 mol) of phenol (M allinckrodt) and 5.0  g (0.05 mol) of t r i e t h y l -  
amine in 50 mL of dry ether was added to the rap id ly  s t ir re d  solution  
over a period of a t  leas t 15 min. A fte r  being s t ir re d  an additional 
20 min, the p rec ip ita te  was collected by suction f i l t r a t i o n  and 
washed with 50 mL of ether. The f i l t r a t e  was then washed with 5%
NaOH, dried (MgSO^) and concentrated in vacuo. Vacuum d i s t i l l a t io n  of 
the residual o i l  y ielded 3.6  g (30%); bp 40-45° (0 .5  mm); l i t ^ 63  ^
bp 82-83° (17 mm).
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Pi acetyl S u lf id e . Into a f lam e-dried , 100-mL round-bottomed f las k  
f i t t e d  with a re f lu x  condenser topped by a CaCl2 tube was added 
10.5 g (0.14 mol) o f th io la c e t ic  acid (A ldrich) and 21.6 g (0 .28 mol) 
of acetyl chloride. The mixture started to heat up immediately. A fte r  
the i n i t i a l  reaction slowed, the f las k  was heated gently fo r  4 .0  hr.
The contents of the f las k  were then vacuum d is t i l l e d  (CAUTION: stench)
at an asp ira tor. Three fractions were collected; < 5 1 ° ,  51-58° and 
58-61°. The in frared  spectra of the l a t t e r  two fractions (23319,
23320) were identica l to the Sadtler spectrum (45787); l i t ^ ^  
bp 58-59°. The combined fractions amounted to 9.3 g ( 6 6 %).
T itra t io n  o f n.-Butyll ith ium . This procedure was reported by Watson and 
Eastham (165). A one-molar solution of sec-butyl alcohol in dry xylene 
was prepared and placed into a buret equipped with a syringe needle at  
the bottom. Into a 3-necked, 100-mL round-bottomed f lask  was placed 
10 mg of 2 ,2 '-b is q u in o l in e .  The f lask  was flame dried and capped with  
rubber septa. A stream of nitrogen was introduced through one septum 
and allowed to e x i t  through another. The buret was connected to the 
middle septum. A 10-mL a liquot o f n,-butyllithium (Ventron) was placed 
in the f lask  via syringe and the nitrogen in le t  was removed. The 
magnetically s t ir re d  solution (red) was then t i t r a te d  with the alcohol 
solution to a s l ig h t ly  yellow endpoint, 23.0 mL of the alcohol being 
required; thus the 2.40 M n -bu ty l1ithium was in fa c t  2.3 M.
Acetylation of Anisole with Magnesium Chloride and Cadmium Chloride 
as Lewis Acids: A Control Experiment. Into each o f four one-necked,
100-mL round-bottomed flasks was placed 2.2 g (0.02 mol) of anisole in 
50 mL of dry ether. A ll were s t ir re d  magnetically, as 1.56 g (0 .02 mol) 
of acetyl chloride was added. Flask one was charged with 1.83 g
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(0 . 0 1  mol) o f cadmium chloride; f la s k  two- 1 . 8 8  g ( 0 . 0 2  mol) of magnesium
chloride, f las k  three -  1.83 g CdCl2 and 1.88 g MgCl2 i and f lask  four -
none of these s a lts .  They were each topped with a CaCl2 drying tube 
and the contents s t ir re d  overnight. In the morning each was ac id ic  to 
pH paper. Water was added and s t i r r in g  continued fo r  0 .5  hr. The layers 
were separated and the aqueous layer  was extracted with ether. The 
combined ether portions were washed with 5% NaCOg, dried over NaSO  ^
and rotary evaporated. There was no evidence o f carbonyl compounds 
present in any of the four samples as judged by gas chromatography.
Gc Conditions: Column Temp: 149°
Detector Temp: 198°
Gas Flow: 65 ml/min
Sample sizes: 1 yL
General Procedure fo r  Qrganocadmium Reactions. The general procedure
fo r  preparing and using organocadmium reagents was as follows. To a
3-necked, round-bottomed f la s k ,  f i t t e d  with a mechanical s t i r r e r ,
addition funnel and re f lu x  condenser, was added magnesium (e ith e r
turnings from J. T. Baker or trip ly -sub lim ed  magnesium from Dow Chemical
Co.; both seemed to exh ib it  s im ila r  r e a c t iv i t y ) .  Nitrogen was allowed
to flow through the system through the top of the addition funnel and
out from the top o f the condenser to an o i l  bubbler which served as a
flow regulator. The system v/as flamed dried with the condenser turned
o ff  and then cooled to room temperature. With the condenser then
turned on, one-half the bromo compound in ether was allowed to drip  in ,
and s t i r r in g  was s tarted . The nitrogen was slowed to about 1-2 bubbles
per sec. When the reaction s ta r te d , the rest o f the bromo compound was
added dropwise as rap id ly  as possible. The cadmium chloride was added
in one portion to the Grignard reagent by increasing the nitrogen flow ,
68
disconnecting the re f lu x  condenser and adding the s a l t  d ire c t ly  to the 
f las k .  The condenser was replaced, the nitrogen slowed, and the reaction  
mixture s t ir re d  un ti l  a Gilman tes t  showed the absence o f any Grignard 
(166). The cadmium reagent was cooled and the next reagent was added 
dropwise as an ethereal so lution . Work-up consisted of hydrolysis in 
the f lask  with 10% HC1, s t i r r in g  fo r  30 min or longer, separating the 
ether la y e r ,  washing the aqueous layer once with e ther, washing the 
combined ether portions with 5% NaHC03 , saturated b r in e , drying over 
MgSO^  or NaSO^, and ro tary  evaporating the solution to give crude 
products. Specific  d e ta i ls  are given in the appropriate sections. No 
attempt was made to maximize the y ie ld s .
Standardization and Analysis of m- and n-methox.yacetophenones b.y 
Gas Chromatography. Yields and product ra t ios  were determined by 
weighing three authentic samples of meta-methoxyacetophenone (A ldrich)  
and adding known amounts of biphenyl. These samples were mixed with 
some ether, in jected  in to  the gas chromatograph and the peak areas 
were measured (height X width a t  h a l f -h e ig h t ) .  The ra t ios  o f the 
peaks (meta-methoxyacetophenone/biphenyl) were p lotted against the 
ratios of the known weights. Since s tra ig h t  lines resu lted , a fac tor  
was determined by which ra tios  of peaks from unknown samples could be 
m ultip lied  to give the true ra t io s .  para-Methoxyacetophenone was 
standardized in a s im ila r  manner. When an unknown sample was to be 
determined, some of the sample was weighed out into three v ia ls  and 
a weighed amount of biphenyl was added. These were mixed with some 
ether and in jected in to  the gas chromatograph. The peak areas were 
determined fo r  the meta and para compounds and fo r  the biphenyl. The
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meta to biphenyl ra t io  was m u lt ip lied  by the "meta" fac to r  and the 
para to biphenyl ra t io  was m u lt ip lied  by the "para" fa c to r .  These 
were then m ultip lied  by the weight o f biphenyl used in tha t p a r t ic u la r  
sample giving the true weights of meta and para ketones. The weight 
of meta and para are added together and divided by the weight of the 
crude o i l  used in the sample to give the % of the sample th a t  contained 
ketonic products. This percent is then m u lt ip lied  by the to ta l  weight 
of the reaction y ie ld  to give the true product y ie ld  of ketone. This 
can then be divided by the theore tica l y ie ld  to give the true percent 
y ie ld .  An example is  given below:
1 2 3
A. Weight of unknown (g): 0.1189 0.0965 0.1607
B. Weight of biphenyl (g): 0.0103 0.0086 0 . 0 1 0 1
C. Peak area of biphenyl: 9.08 8.58 7.94
D. Peak area o f m-MeOPhAc: 14.95 12.43 15.30
E. Peak area of £-MeOPhAc: 29.52 26.41 31.78
F. Ratio of m- to biphenyl: 
(D/C)
1.646 1.449 1.927
G. Ratio of £ -  to biphenyl: 
(E/C)
3.251 3.078 4.003
H. Corrected Ratio of m- to 
biphenyl; (F x "meta" fa c to r -  
0.9358): 1.540 1.356 1.803
I. Corrected ra t io  of para to 
biphenyl; (G x "para" fa c to r -  
1.1904): 3.870 3.664 4.764
J. True weight o f meta- isomer (g ):  
(H x B)
0.0159 0 . 0 1 1 2 0.0184
K. True weight of para- isomer (g ):  




L. Total of ketonic products (g ):  0.0558 0.0427 0.0670
(0 + K)
M. % o f  crude o i l  containing ketonic
products: (L/A x 100) 46.9 44.7 41.7
N. Weight of crude o i l  containing
ketonic products (g ):  1.29
((M x product y ie ld )  * 100)
0. Theoretical y ie ld :  3.53
Actual y ie ld :  36.5
(N/0)
% meta-methoxyacetophenone: 28.5 27.0 27.5
(J/L)
% para-methox.yacetophenone: 71.5 73.0 72.5
Average % m- + avg. deviation: 27.7 + 0 . 8
Average % £ -  + avg. deviation: 7 2 . 3 + 0 . 8
The Reaction o f m-Dianisylcadmium with Acetyl Chloride. To the Grignard 
reagent prepared from 0.60 g (0.025 mol) magnesium (Dow) and 4.68 g 
(0.025 mol) of m-bromoanisole in a to ta l  of 35 mL of dry e ther, which 
was refluxed fo r  30 min and s t ir re d  at room temperature fo r  90 min, 
was added 2.29 g (0.013 mol) of cadmium chloride. The mixture was 
s t ir re d  a t  room temperature fo r  30 min and a solution of 1.96 g (0.025  
mol) o f acetyl chloride in 15 mL of dry ether was added dropwise to the 
cooled (cold water) organocadmium reagent. The mixture was heated at  
re flux  fo r  30 min and s t ir re d  a t  room temperature fo r  12 hr. The usual 
work-up gave 2.90 g of crude o i l .  Gas chromatographic analysis showed 
both meta and para-methoxyacetophenone, id e n t i f ie d  by peak enhancement 
with authentic samples and in frared  analyses of collected samples.
71
GC Conditions: Column temp: 151°
Detector temp: 200°
Flow ra te :  65 mm/min 
In jec tion  sizes: 1-4 yL
Retention Times: Meta-: 17.0 min
Para-: 25.5 min
Yield Data: Product y ie ld :  36.5%
% M eta-: 2 7 . 7 + 0 . 8
% Para -: 72.3 +_ 0 .8
In a second reaction the resu lt  were as follows:
Product y ie ld :  31.3%
% M eta-: 2 2 . 9 + 1 . 7
% Para-: 7 7 . 1 + 1 . 7
m £
UNH i r :  23040 23041
Sadtler i r :  20309 3883
The Reaction of m.-Dianisyl cadmium with Acetyl Bromide. To the Grignard
reagent prepared from 0.60 g (0.025 mol) o f magnesium (Dow) and 4.68 g
(0.025 mol) of m-bromoanisole in a to ta l  o f  50 mL of dry e ther, which
was refluxed fo r  60 min and s t ir re d  at room temperature fo r  60 min, was
added 2.30 g (0.013 mol) of cadmium chloride. A fte r  the organocadmium
reagent had been s t ir re d  a t  room temperature fo r  30 min, 2.00 g
(0.016 mol) of acetyl bromide in 50 mL of dry ether was added dropwise.
This mixture was s t ir re d  fo r  90 min, and the usual work-up gave 2.9 g
of crude o i l .  Gas chromatographic analysis showed the presence of
both m- and £-methoxyacetophenones. Column conditions were the same as
those in the previous experiment.
Yield data: Product Yield: 28.8%
% Meta-: 25.4 + 0 .8
% Para-: 74.6 + 0 .8
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The following data were obtained from a second reaction:
Product Yield: 18.0%
% M eta-: 23.0 + 0.3
% P ara -: 77.0 + 0.3
The Reaction of Dianisylcadmium with Acetic Anhydride. To the Grignard
reagent prepared from 0.60 g (0.025 mol) of magnesium (Baker) and 4.68 g
(0.025 mol) o f m-bromoanisole in a to ta l  of 50 mL o f  dry e ther, which
was refluxed fo r  30 min and s t ir re d  a t  room temperature fo r  60 min was
added 2.30 g (0.013 mol) of cadmium chloride. The grey organocadmium
reagent was s t ir re d  a t  room temperature fo r  30 min and 3.00 g (0.025 mol)
of acetic  anhydride (Baker) in a 25 mL of dry ether was added dropwise.
When the orange mixture was hydrolysed with 10% HC1, an orange-red
solution resulted . In a separatory funnel 3 layers were formed. The
lower (aqueous) layer was drawn o f f .  The interm ediate, dark-orange,
layer was found to be insoluble in e th er , water and 5% HC1, but
soluble in chloroform. When the upper orange layer was washed with
bicarbonate i t  turned yellow. The second layer was dried and evaporated
to give a dark orange s o l id ,  which is  as ye t u n iden tif ied . The res t
of the work-up procedure on the upper layer gave 2.7  g of crude o i l .  Gas
chromatographic analysis (conditions as above) showed the presence of
both m- and £-methoxyacetophenone.
Product Yield: 18.9%
% Meta-: 7 4 . 7 + 1 . 8
% Para-: 25.3 + 1.8
The Reaction of m-Dianis.yl cadmium with Pi acetyl S u lf id e . To the
Grignard reagent prepared from 0.24 g (0.010 mol) o f magnesium (Baker)
and 1.86 g (0.010 mol) o f m-bromoanisole in a to ta l  of 30 mL of dry
ether, which was refluxed fo r  15 min and s t ir re d  a t  room temperature
for  30 min, was added 0.092 g (0.005 mol) o f cadmium chloride. The
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organocadmium reagent was s t ir re d  at room temperature fo r  30 min, when 
1.18 g (0.010 mol) of d iacetyl su lf id e  in 30 mL of dry ether was added 
dropwise. The mixture was s t ir re d  a t  room temperature fo r  60 min. The 
usual work-up gave 1.87 g of crude o i l .  Gas chromatographic analysis  
(conditions as above) showed the presence of only m-methoxyacetophenone, 
id e n t if ie d  by peak enhancement.
Product Y ie ld : 17.5%
In a second reac tion , s im ila r  to that ju s t  described (except the Grignard 
reagent was refluxed fo r  90 min and the mixture, a f te r  addition of  
diacetyl s u l f id e ,  was refluxed fo r  2 hr) the meta isomer was formed in 
31.2% y ie ld ,  as the only ketone product.
The Reaction of m-Dianisylcadmium with Acetyl Chloride a f te r  the 
P rec ip ita tion  of Magnesium Salts with Dioxane. To the Grignard reagent 
prepared from 0.60 g (0.025 mol) o f magnesium (Baker) and 4.68 g (0.025 mol) 
of m-bromoanisole in a to ta l  of 45 mL of dry e ther , which was refluxed fo r  
60 min and s t ir re d  at room temperature fo r  30 min, was added 2.30 g 
(0.013 mol) o f cadmium chloride. A fte r  the cadmium reagent had been 
refluxed fo r  60 min and then cooled, 4.40 g (4 .20  mL, 0.050 mol) of 
dioxane was added dropwise. A f in e  white powder formed immediately.
A solution of 2.00 g (0.025 mol) of acetyl chloride in 35 mL of dry 
ether was added dropwise and the mixture s t ir re d  a t  room temperature 
fo r  90 min. The usual work-up gave 3.75 g of crude o i l .  Gas 
chromatographic analysis (conditions as above) o f th is  o i l  showed the 
presence of both m~ and £-methoxyacetophenone.
Product Y ie ld: 37.2%
% M eta-: 3 8 . 2 + 1 . 3
% Para-: 61.9 + 1.3
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The Reaction of ni-Anisylcadmium Chloride with Acetyl Chloride. To the
Grignard reagent prepared from 0.60 g (0.025 mol) of magnesium (Baker)
and 4.68 g (0.025 mol) o f m-bromoanisole in a to ta l  of 50 mL of dry
ether, which was refluxed fo r  60 min, was added 4.60 g (0.025 mol) of
cadmium chloride. A solution of 2.00 g (0.025 mol) of acetyl chloride
in 25 mL of dry ether was added dropwise and the mixture was s t ir re d  fo r
30 min a t  room temperature. The usual work-up gave 3.50 g of crude o i l ,
containing both meta- and para-methoxyacetophenone.
Product Yield: 40.8%
% Meta-: 2 4 . 6 + 1 . 1
% Para-: 75.4 + 1.1
The Reaction of in-Anisylcadmium Bromide with Acetyl Chloride. To the
Grignard reagent prepared from 0.24 g (0.010 mol) o f magnesium (Dow)
and 1.87 g (0.010 mol) of m-bromoanisole in a to ta l  of 25 mL of dry e ther,
which was refluxed fo r  15 min and s t ir re d  at room temperature fo r  30 min,
was added 2.73 g (0.010 mol) of cadmium bromide, which had been heated in
an oven a t  125° fo r  48 hr. A fte r  the cadmium reagent was refluxed fo r
30 min and s t ir re d  a t  room temperature fo r  90 min, 0.78 (0.010 mol) of
acetyl chloride in 25 mL o f dry ether was added dropwise with s t i r r in g
to the mixture. The orange mixture was refluxed fo r  an additional 30
min and cooled. The usual work-up gave 1.40 g o f crude o i l .  Gas
chromatographic analysis (conditions as above) showed the presence of
both m- and j>methoxyacetophenone.
Product Yield: 24.6%
% M eta-: 24.0 + 1 .0
% Para -: 76.0 + 1 .0
The Reaction of m-Anisylcadmium Bromide with Acetyl Bromide. To the
Grignard reagent prepared from 0.24 g (0.010 mol) of magnesium (Baker)
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and 1.87 g (0.010 mol) o f m-bromoanisole in a to ta l  of 25 mL of dry
ether, which was refluxed fo r  30 min and s t ir re d  a t  room temperature
for  30 min, was added 2.73 g (0.010 mol) of cadmium bromide. The
organocadmium reagent was s t ir re d  a t  room temperature fo r  60 min, when
1.23 g (0.010 mol) of acetyl bromide in 25 mL of dry ether was added
dropwise. The usual work-up of the orange mixture gave 1.70 g of
crude o i l .  Gas chromatographic analysis (conditions as above) showed
the presence of both m- and £-methoxyacetophenone.
Product Yield: 20.7%
% M eta-: 23.6 + 3.0
% P ara -: 7 6 . 4 + 3 . 0
The Reaction of m—Anisylcadmium Iodide with Acetyl Chloride. To the
Grignard reagent prepared from 0.24 g (0.010 mol) of magnesium (Baker)
and 1.87 g (0.010 mol) of m-bromoanisole in a to ta l  of 50 mL of dry
ether, which was refluxed fo r  30 min and s t ir re d  a t  room temperature
fo r  60 min, was added 3.66 g (0.010 mol) of cadmium chloride. The
organocadmium reagent was s t ir re d  fo r  90 min and 0.78 g (0.010 mol) of
acetyl chloride in 30 mL of dry ether was added dropwise. The usual
work-up gave 2.10 g of crude o i l .  Gas chromatographic analysis
(conditions as above) showed the presence of both m- and £-methoxy-
acetophenone.
Product Yield: 31.8%
% M eta-: 2 1 . 8 + 0 . 6
% Para -: 78.2 + 0 . 6
The Reaction of Bromine with Anisole, with and without Cadmium Chloride
and/or Magnesium Chloride. Four 100-mL round-bottomed flasks were
assembled with magnetic s t i r r e r s  and addition funnels and topped with
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calcium chloride tubes. Each was charged with 1.08 g (0.010 mol) of 
anisole in 30 mL of dry ether. In Flask-1 was placed 0.94 g (0.010 mol) 
of magnesium chloride and 0.92 g (0.005 mol) o f cadmium chloride. To 
Flask-2 was added 0.010 mol o f magnesium chloride; to Flask-3 0.005 mol 
of cadmium ch loride , and Flask-4 contained none of these s a lts .  To 
each f lask  1.60 g ( 0 . 0 1 0  mol) o f bromine was added dropwise with  
rapid s t i r r in g .  The bromine color started to disappear in the flasks  
containing cadmium chloride a f te r  60 min. Disappearance of the bromine 
color in the remaining flasks began a f te r  12 hr of s t i r r in g .  Another 
charge of 1.60 g of bromine was added to each f la s k ,  and s t i r r in g  was 
continued fo r  another 20 hr. To each f la s k  was added 25 mL of saturated  
sodium b is u l f i t e  and the contents s t ir re d  u n t i l  the bromine color  
disappeared. The contents of each f las k  were separated and the ether  
layers were each, separately , washed with water, dried over MgSO  ^ and 
rotary evaporated. Gas chromatographic analysis of each sample showed 
appreciable amounts of £-bromoanisole, id e n t i f ie d  by peak enhancement. 
Reaction of m-Dianisylcadmium with Bromine. To the Grignard reagent 
prepared from 0.24 g (0 .10 mol) of magnesium (Baker) and 1.87 g 
(0.010 mol) o f m-bromoanisole in a to ta l  o f  50 mL of dry e ther, which 
was s t ir re d  under re f lu x  u n t i l  the magnesium had disappeared, was 
added 0.92 g (0.005 mol) of cadmium chloride. The organocadmium 
reagent was s t ir re d  fo r  30 min a t  re f lu x .  Approximately 3 mL of the 
mixture was withdrawn from the reaction f las k  and worked-up in the 
usual manner. This was to be analyzed fo r  the presence of unchanged 
bromoanisole (see below). To the cooled ( ice  water) solution rapid  
addition of 1.60 g ( 0 . 0 1 0  mol) of bromine caused evolution of heat.
The mixture was s t ir re d  fo r  5 sec and then decomposed by rapid
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addition of 25 mL o f saturated NaS03 solution . The usual work-up gave 
1.75 g o f crude o i l .  Gas chromatographic analysis showed the presence 
of both m- and £-bromoanisole.
GC Conditions: Column Temp: 125°
Detector Temp: 185°
Gas Flow: 60 mL/min
Sample Size 1 yL
Retention times: M eta-: 16.0 min
P ara -: 18.5 min
Yield Data: Product Yield: 67.4%
% M eta-: 7 3 . 8 + 1 . 0
t  P ara -: 26.2 + 1 . 0
These chromatographic data were determined in a manner s im ila r  to that  
for methoxyacetophenones, with b en zo n itr i le  as an in ternal standard.
Thus a graph was used whereby the corrected ra t io s  could be read 
d ire c t ly  from the p lo t  and then adjusted as described e a r l ie r  When 
the 3 mL sample, th a t  was abstracted p r io r  to brominolysis, was analyzed
by gc, the only product formed was anisole w ithin retention  time,
20 min; i . e . , the m-bromoanisole arose from reaction of the organo­
cadmium reagent and not simply unchanged s tarting  m ater ia l.
When the reaction was run with i n i t i a l  predrying o f the reaction  
mixture using ethylene bromide and one equivalent of magnesium the following  
results were obtained:
Product Yield: 64.2%
% M eta-: 76.0 + 1.6
% Para -: 24.0 + 1 . 6
To 1.08 g (0.01 mol) of anisole in 25 mL of dry ether was added 
1.60 g (0.01 mol) of bromine in a f la s k ,  which was then shaken fo r  5 
sec. The bromine color was dispelled by shaking with 100 mL of 5%
NagSOg. The ether layer was separated, dried (MgSO^) and rotary
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evaporated. Gas chromatograpjic analysis showed the absence of 
£-bromoanisole.
The Reaction of fl.-Dianis.ylcadmium with Acetyl Chloride. To the Grignard 
reagent prepared from 1.20 g (0.050 mol) of magnesium and 8.55 g 
(0.050 mol) of o^bromoanisole in a to ta l  of 100 mL of dry e ther , which 
was refluxed fo r  60 min and s t ir re d  at room temperature fo r  30 min, was 
added 4.60 g (0.025 mol) of cadmium chloride. A fte r  a re f lu x  period of  
60 min, a Gilman te s t  showed the presence of Grignard reagent. S t i r r in g  
was then continued fo r  10 hr, when a Gilman te s t  was negative, and 3.93 g 
(0.050 mol) of acetyl chloride in 50 mL of dry ether was added. The 
mixture was refluxed fo r  30 min and the usual work-up gave 5.40 g o f  a 
crude o i l .  Gas chromatographic analysis showed the presence of only 
ortho-methoxyacetophenone, id e n t i f ie d  by the in frared  spectrum of a 
collected sample.
Retention Time: 15.5 min
Column Temp: 150°
Detector Temp: 198°
Gas Flow: 65 mL/min
UNH i r :  23238
Sadtler i r :  20308
When the reaction was run fo r  the f i r s t  time (without performing the
Gilman te s t)  5.1 g of a crude solid  was obtained. R ecrys ta ll iza t ion
from an ethanol/water mixture afforded a white s o lid ,  mp 123.5-125°;
l i t ^ ® ^  mp 125°. Nmr analysis (UNH nmr: 6993) showed the so lid  to be
o.o'-dimethoxymethylbenzhydrol; nmr (DCC13 ) 6 1.95 (s ,  3, CJig), 3.40
(s, 6 , CH3 0 ) ,  4.72 (s ,  1, OH), 6 .60-7 .60  (m, 8 , ArH).
UNH i r :  23229
UNH nmr 6993
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The Reaction of ffl.-Ditol.yl cadmium with Acetyl Chloride. To The Grignard 
reagent prepared from 0.60 g (0.025 mol) of magnesium (Dow) and 4.28 g 
(0.025 mol) o f m-bromotoluene in a to ta l  of 50 mL of dry e ther , which 
was refluxed fo r  2 hr, was added 2.2  g (0.013 mol) o f cadmium ch loride ,  
and s t i r r in g  was continued fo r  30 min. Then 1.96 g (0.025 mol) of  
acetyl chloride in 15 mL of dry ether was added dropwise. This mixture 
was refluxed fo r  30 min, and the usual work-up gave 2.5 g of crude o i l .  
Gas chromatographic analysis showed the presence of only meta-methyl - 
acetophenone, id e n t i f ie d  by in fra red , (UNH 23327; Sadtler 22460) and 
nmr (UNH 7330; Sadtler 2758). Nmr (DCC13 ):  6 2.36 (s , 3 , CHgAr),
2.53 (s ,  3, CH3 CO), 7 .10-7 .72  (m, 4 , ArH). The 2,4  d in itrophenyl-  
hydrazone de r iva t iv e  melted a t  201°; l i t ^ 168  ^ mp 207°.
Retention Time: 4 .5  min
Column Temp: 151°
Detector Temp: 200°
Gas Flow: 80 mL/min
A second peak with retention time of 20.5 min, collected from the GC, 
remains un identif ied  a t  th is  time (UNH i r :  23326; UNH nmr: 7332); but
i t  is  not para-meth.ylacetophenone; (Sadtler i r :  872). The normalized 
y ie ld  of ketone was 51.5%.
The Reaction o f di-m-Fluorophenylcadmium with Acetyl Chloride. To the 
Grignard reagent prepared from 0.48 g (0.020 mol) of magnesium (Dow) 
and 3.50 g (0.020 mol) o f m-bromofluorobenzene in a to ta l  of 50 mL of 
dry e ther, which was refluxed fo r  60 min (a l l  magnesium consumed), was 
added 1.83 g (0.010 mol) of cadmium chloride. A fte r  the mixture had been 
s t ir re d  a t  room temperature fo r  30 min, 1.57 g (0.020 mol) of acetyl 
chloride in 25 mL of dry ether was added dropwise, and s t i r r in g  was 
continued fo r  an additional 30 min. The usual work-up gave 2.5  g of
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crude o i l .  Gas chromatographic analysis showed only the presence of
m-fluoroacetophenone. The normalized y ie ld  was 82%.
GC Conditions: Column Temp: 168°
Detector Temp: 197°
Gas Flow: 90 mL/min
Retention Time: 2 .4  min
UNH i r :  23254
UNH nmr: 7240
Sadtler i r :  21865
Sadtler nmr: N/A
nmr (DCC13) 6 2.50 (s ,  3 ,  CH3 CO), 6 .88 -7 .60  (m, 4 , ArH); 2,4-DNP (EtOH/
H20) mp 220°; l i t (169) mp 210°.
The Reaction o f di-m-trifluoromethylphenyl cadmium with Acetyl Chloride. 
To the Grignard reagent prepared from 0.25 g (0.010 mol) o f magnesium 
(Dow) and 2.25 g (0.010 mol) o f m-trifluoromethylbromobenzene in a to ta l  
of 50 mL of dry e ther, which was refluxed fo r  60 min, was added 0.93 g
(0.005 mol) of cadmium ch loride , and s t i r r in g  was continued at room
temperature fo r  30 min. Then 0.79 g (0.010 mol) of acetyl chloride in 
25 mL of dry ether was added dropwise. The mixture was s t ir re d  fo r  90 
min and the usual work-up gave 3 .2  g o f crude o i l .  Gas chromatographic 
analysis showed the presence o f  only m-trifluoroacetophenone, id e n t if ie d  
by i r  and nmr.
GC Conditions: Column Temp: 168°
Detector Temp: 197°
Gas Flow: 90 mL/min
UNH i r :  23261





Nmr (DCC13) 6 2.59 (s ,  3 , CHgCO), 7 .30 -8 .10  (m, 4, ArH). Semicarbazone 
(H2 0 ):  mp 207-208°; l i t ^ 170  ^ mp 205-206°.
The Reaction of di-m-Methylthiophenylcadmium with Acetyl Chloride. To
the Grignard reagent prepared from 0.25 g (0.01 mol) of magnesium (Baker)
and 2.03 g (0.01 mol) o f m-bromothioanisole in a to ta l  of 50 mL of dry
ether, which was refluxed fo r  18 hr, was added 0.92 g (0.005 mol) of
cadmium ch loride , and then reflux ing was continued fo r  2 .0  hr. Then0.78 g
(0.01 mol) o f acetyl chloride in 25 mL of dry ether was added dropwise.
The mixture was s t ir re d  an additional 30 min and usual work-up gave 1.65 g
of crude o i l .  Gas chromatographic analysis showed the presence of m- and
£-methylthioacetophenone, id e n t if ie d  by i r  and nmr.
GC Conditions: Column Temp: 168°
Detector Temp: 197°
Gas Flow: 90 mL/min
Retention Times: M eta -: 9 .0  min
Para -: 12.4 min
Yield Data (normalized): Product Y ie ld : 29.8%
% M eta-: 84.1
% P ara -: 15.9
m £
UNH i r :  25361 23363
Sadtler i r :  N/A 19439
UNH nmr: 7579 7587
Sadtler nmr: N/A 23204
A semicarbazone was prepared from material collected from the n ex t- to -
th e - la s t  gc peak and re c ry s ta l l iz e d  twice from an ethanol/water mixture,
mp 183.5-184.0°.
Anal- Calcd fo r  C^H^N-jOS: C, 53.81; H, 5.87; N, 18 .82 , Found:
C, 54.07; H, 5.87; N, 18.66.
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ja-Deuterioanisole. A 3-necked, 250-mL round-bottomed f lask  containing  
2.40 g (0 .10 mol) of magnesium (Dow) was flame dried under n itrogen, and 
18.7 g (0.10 mol) of £-bromoanisole in 100 mL of dry ether was added 
dropwise. A fte r  re f lux ing  fo r  60 min and cooling, 5.0 g (0.250 mol) of 
deuterium oxide was added via  a syringe and the mixture was s t ir re d  fo r  
60 min. The solution was f i l t e r e d ,  dried (NagSO^) and concentrated in 
vacuo. Vacuum d i s t i l l a t io n  afforded 9.0  g (83.5%) o f £-deuterioanisole;  
bp 65-70° (0 .5  mm); 1i t ^ 171  ^ bp 223° (756 mm). Nmr (neat) 6 3.60 (s ,  3, 
CH^O), 6 .70 -7 .24  (AB quarte t,  4 .16 , ArH^J=8 ) .  In tegration of the peaks 
showed 25% anisole-H and 75% £-D -an iso le .
UNH nmr: 6366
DCI/DpO Quenching of m-Dianisylcadmium-Acetyl Chloride Adduct. To the 
Grignard reagent, prepared from 0.24 g (0.010 mol) o f magnesium (Baker) 
and 1.87 g (0.010 mol) of m-bromoanisole, in a to ta l  of 50 mL of dry 
ether, which had been refluxed fo r  60 min and s t ir re d  at room temperature 
for 30 min, was added 0.92 g (0.005 mol) of cadmium chloride. A fte r  
refluxing fo r  30 min and s t i r r in g  at room temperature fo r  an additional 
30 min, 2.0 g (0.020 mol, 2 .0  mL) of 20% DC! in D2 O (A ldrich) was added 
via a d ry -b a g -f i l le d  syringe. A fte r  s t i r r in g  fo r  90 min, the usual 
work-up afforded 2.1 g of crude o i l .  Gas chromatographic separation and 
nmr analysis showed that deuterium had also been incorporated into the 
aromatic rings o f the ketonic product.
m-Methoxyacetophenone; nmr (DCC13 ) $ 2.50 (s , 0 .6 ,  CHgCO), 3.76 (s , 3, 
CHgO), 6 .70 -7 .40  (m, 4, ArH), (UNH nmr: 7245, 7228).
£-Methoxyacetophenone; nmr ( DCC13 ) 6 2.45 (s , 1 .7 ,  CjijCO), 3.80 (s , 3, 
CH3 O), 6 .72 -7 .88  (AB quarte t, 3 .4 ,  ArH J=10), (UNH nmr: 7244).
Some s ta r t in g  material was recovered from the reaction mixture 
via gc separation and i ts  nmr (UNH nmr: 7229) showed no evidence of ring
deuteria tion ; nmr (DCCI3 ) 6 3.58 (s ,  3, ( CH^O) ,  6.45-6.91 (m, 4 , ArH.).
83
Deuterium Exchange in m- and jj-Methoxyacetophenone. A. A solution of 
m-methoxyacetophenone (A ldrich) in DCC13 was placed in an nmr tube and 
1 mL of 20% DC1 in D20 was added. The nmr spectrum was scanned at 
various times as the acyl proton peak height ( 6  2 .50) decreased. A fte r  
4 hr the ra t io  of methoxy protons to acyl protons was 3:2 (UNH nmr: 
7204), and a f te r  48 hr the ra t io  was 3:1 (UNH nmr: 7213). In a
s im ila r  experiment with £-methoxyacetophenone, the peak ra t io  was 
3:1.1 a f te r  48 hr (UNH nmr: 7205, 7211).
B. A flam e-dried 1-necked 100-mL round-bottomed f las k  containing
4.0 g of £-methoxyacetophenone, 4 mL of 20% DC! in D20 and 50 mL of dry 
ether, was magnetically s t ir re d  fo r  2 hr. The usual work-up afforded  
3.6 g of an o i l .  An nmr spectrum showed the ra t io  of the methoxy to  
acyl to aromatic protons to be 3 .0 :0 .9 4 :3 .6 ;  (UNH nmr: 7226).
Deuterium Exchange in m-Bromoanisole: Preparation of 2 ,4 ,6 -T r id e u te r io -
3-Bromoanisole. A f lam e-dried , 3-necked, 50-mL round-bottomed f la s k ,  
f i t t e d  with a condenser topped with a CaCl2 drying tube and a septum, 
was charged with 3.74 g (0.020 mol) of m-bromoanisole and 7 mL 
(0.25 mL) of 20% DC! in D2 0, introduced via_ a syringe, that was f i l l e d  
under nitrogen. A fte r  a re f lu x  period of 19 h r ,  an a liquot was 
withdrawn via_ a syringe and placed into a tes t  tube containing DCC13 .
A sample was pipetted from the DCC13 layer and passed through a pipet 
containing a glass wool plug and Na2S0  ^ and leading into an nmr tube. 
Inasmuch as the nmr spectrum of the e f f lu e n t  showed exchange, the 
remainder of the solution was extracted into e ther , separated, washed 
with 5% NaHCOg, dried (Na2 S0^) and concentrated in vacuo to give 3.70 g 
of an o i l ;  nmr ( DCC13 ) 3.60 (s , 3, CHgO), 6.85 (s ,  1 .09, ArH),
(UNH nmr: 7252).
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The Reaction of l-Methoxy-2,4,6-trideuterio-3-phen.ylcadmium Reagent with  
Acetyl Chloride. To the Grignard reagent, prepared from 0.24 g 
(0.10 mol) of magnesium (Baker) and 1.90 g o f  2 ,4 ,6 - t r id e u te r io -3 -  
bromoanisole in a to ta l  of 25 mL of dry e ther, which had been refluxed  
for 60 min and s t ir re d  at room temperature fo r  30 min, was added 0.91 g 
(0.005 mol) o f cadmium chloride. A fte r  s t i r r in g  a t  room temperature fo r  
90 min, 0,78 g (0.010 mol) o f acetyl chloride in 25 mL of dry ether was 
added, and the mixture was s t ir re d  fo r  60 min. The usual work-up gave 
1.5 g of a crude o i l .  Gas chromatographic separation yielded pure 3- and
4-methoxyacetophenones; 3- isomer: nmr (DCCI3 ) 6 2.56 (s ,  3 , CH3 CO), 3.81
(s, 3, CH3 O), 7.26 (s ,  1 .19 , ArH) ,  (UNH nmr: 7329); 4- isomer: nmr
(DCClg) 6 2.43 (s , 3 , CH3 CO), 3.77 (s ,  3, CH3 O), 7.77 (s , 1 .0 ,  ArH),
(UNH nmr: 7310); the mass spectrum showed 46.1% d2 and 39.2% d3 fo r  
para; and 28.2% d2 and 66.1% d3 fo r  meta; see Appendix.
The Attempted Preparation o f  m-N,N-dimeth.yl ami nophenyl cadmium Reagent and 
I ts  Reaction with Acetyl Chloride. A. Normal Methods fo r  Preparation  
of the Grignard Reagent: To a f lam e-dried , 3-necked, round-bottomed
flask f i t t e d  with a condenser, mechanical s t i r r e r  and an addition funnel,  
and containing 0.60 g (0.025 mol) of magnesium (Baker) was added dropwise
5.0 g (0.025 mol) o f m-bromo-N,N-dimethylaniline in 50 mL of dry ether. 
Gilman tests taken a f te r  1 hr and 3 hr of re f lux ing  were negative.
When 1 mL of ethylene bromide was added, a reaction started immediately. 
After 1 hr of s t i r r in g  the Gilman tes t  was s t i l l  negative. Next, there  
was added magnesium that had been activated by reaction with ethylene 
bromide in a te s t  tube; again, a f te r  1 hr the Gilman te s t  was negative. 
Then 2 g of iodine crystals  were added and a f te r  an hour MgI2 * I 2 was 
added. In each case the Gilman te s t  was negative.
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B. Sodium Naphtha!ide Method: This procedure is  e s s e n t ia l ly  that  
of Arnold and Kulenovic (172). To a 3-necked, round-bottomed f la s k ,  
f i t te d  with a mechanical s t i r r e r ,  condenser and addition funnel, and 
containing 3.08 g (0.024 mol) of naphthalene in 20 mL of dry, peroxide- 
free THF, was added 0.46 g (0.02 mol) o f  sodium in small pieces under a 
nitrogen atmosphere. A fte r  s t i r r in g  had been continued fo r  1 h r ,  0.95 g 
(0.01 mol) of dry magnesium chloride was added in one portion. The dark 
green solution turned brown a f te r  20  min, and 2 . 0 0  g ( 0 . 0 1  mol) of  
m-bromo-N,N-dimethylaniline in 20 mL of THF was added dropwise. A Gilman 
test was pos it ive  a f te r  1 hr of re f lu x in g . To the resu lt ing  red solution  
was added 0.92 g (0.005 mol) o f cadmium chloride in one portion. A fte r  
30 sec the Gilman tes t  was negative, and the solution turned gray. The 
THF was d is t i l l e d  and replaced by benzene. A solution o f 0.79 g
(0.01 mol) of acetyl chloride in 10 mL of benzene was added dropwise, 
there being no evidence o f a vigorous reaction . A fte r  2 h r ,  the mixture 
was hydrolyzed with 100 mL of 10% HC1 and separated. The ether layer  
was washed with an additional 100 mL of 10% HC1, and the combined acid  
layers were washed with ether. The acid solution was neutra lized  
(j)H paper) with 15% NaOH and washed twice with ether. The ether was 
dried (MgSO^) and ro tary  evaporated. I r  analysis o f the crude o i l  showed
the absence of ketonic products (UNH i r :  23402).
C. Active Magnesium Method: This procedure is  ess en tia l ly  th a t
of Reike (173). To a f lam e-dried , 3-necked, round-bottomed f las k  equipped 
with a condenser, mechanical s t i r r e r  and addition funnel, and containing
2.04 g (0.085 mol) o f anydrous magnesium chloride (A lfa )  in 50 mL of
dry, peroxide-free THF, introduced \na syringe, under a nitrogen atmos­
phere, was added 1.5 g (0.038 mol) of potassium metal in small pieces.
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After the mixture had been held a t  re f lu x  fo r  2 hr, 2.00 g (0.01 mol) of 
m-bromo-N,N-dimethylaniline was added dropwise. A fter 1 hr o f re f lu x ,  
THF was removed by d i s t i l l a t io n  and replaced with benzene. A solution  
of 0.79 g (0.01 mol) of acetyl chloride in 15 mL of benzene was added 
slowly, and s t i r r in g  was continued fo r  another 30 min. Work-up with 
10% HC1, followed by n e u tra l iz a t io n ,  f i l t r a t i o n  and extraction  with 
ether, produced a crude o i l  whose i r  spectrum showed the presence of 
two bands in the carbonyl region at 1695 cm-1 and 1740 cm” ^
(UNH i r :  23273). A 2,4-DNP d er iva t ive  was prepared and re c ry s ta l l iz e d
twice from an ethanol/water m ixture, mp 234-236°.
Anal. Calcd fo r  C1 6 H1 7N504 : C, 55.97; H, 4.99; H, 20.40.
Found: C, 56.29; H, 4 .26; N, 18.32. In repeated experiments with th is
method, a Gilman tes t  never again was pos it ive . Kugelrohr d is t i l la t io n s  
of these reaction products gave only s ta rt in g  m ater ia ls , hydrolyzed 
products, and u-hydroxybutyl aceta te , id e n t i f ie d  by i r  comparison with 
the methyl ether published by Sadtler.
UNH i r :  23409
Sadtler i r :  15581
D. Lithium-Halogen Exchange: Into a 250-mL, 3-necked, round-
bottomed f la s k ,  f i t t e d  with a condenser, mechanical s t i r r e r  and an 
addition funnel, was placed a solution o f 2 0 0  g ( 0 . 0 1  mol) of m-bromo- 
N,N-dimethylaniline in 25 mL of dry ether. A 5-mL a liq uo t (0.01 mol) 
of a 2 .4  M solution on n.-butyllithium in hexane was placed in the 
addition funnel by way o f a double-tipped needle and nitrogen pressure 
(174). The bu ty ll i th ium  was added to the solution at a rapid pace, and 
s t ir r in g  and re flux ing  were maintained fo r  3 hr. An a liq u o t was 
withdrawn and hydrolyzed, and TLC showed almost complete lithium-halogen
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exchange had occurred. To the yellow so lu tion , which gave a positive  
Gilman te s t ,  was added 0.92 g {0.005 mol) of cadmium chloride. A fte r  
a reflux ing  period of 1 h r ,  the Gilman tes t  was s t i l l  pos it ive . Upon 
addition o f 0.94 g (0.01 mol) of anhydrous magnesium ch loride , the 
solution turned gray, but the Gilman te s t  remained pos it ive . Another 
0.5 mol of cadmium chloride was added and a f te r  1 hr of re f lu x  the 
Gilman tes t  was negative. A fte r  a solution o f 0.78 g (0.01 mol) of  
acetyl chloride in 50 mL of dry ether had been added dropwise, s t i r r in g  
was continued fo r  30 min. Hydrolysis with water, followed by f i l t r a t i o n ,  
separation, drying (MgSO^) and concentration in vacuo produced an o i l  
whose i r  (UNH i r :  23417) indicated the presence of some ketonic products.
Preparative TLC on S i l ic a  Gel resulted in the development of three bands. 
Only the lower band(Rf = 0 .0 -0 .2 )  showed any ketonic products in the i r  
spectra. Kugelrohr d i s t i l l a t i o n  of the crude o i l  produced f iv e  fractions  
(A, low -boiling  to 60°; B, 60-100°; C, 100-160°; D, 160-220°; and E, a 
brown, c ry s ta l l in e  res idue). In frared  analysis of the fractions showed 
that C, D, and E might contain some ketonic products (UNH i r :  23438, 
23437, 23439). Nmr analysis of fractions B, C, D and E showed a doublet 
of methyl peaks at 6 2.78 and s 2 .85. The peaks may represent acetyl 
methyl protons and methyl amino protons (UNH nmr: 7732, 7744, 7745,
7746). The only reported derivatives fo r  these ketones, m- and £ -  
dimethyl aminoacetophenones, are the oximes. Thus, attempts were made to  
obtain pure oximes from a l l  f iv e  fra c tio n s . Only B and E gave so lid  
oxime products. R e crys ta ll iza t io n  of these gave solids with wide 
melting points, 143-183° and 190-250°, respective ly; l i t ^ 7^  mp 79-80° 
fo r  meta; l i t ^ 175  ^ mp 2 2 0 °  fo r  para.
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The Reaction o f m-Dianis.y1 cadmium with Phenyl Cyanate. To the Grignard
reagent prepared from 5.61 g (0.03 mol) of m-bromoanisole and 0.72 g
(0.03 mol) o f  magnesium (Baker) in 50 mL of dry ether was added 2.75 g
(0.015 mol) o f  anhydrous cadmium chloride. A fte r  a negative Gilman
test was observed, 3.54 g (0.03 mol) of phenyl cyanate in 25 mL of dry
benzene was added dropwise. The mixture was heated a t  re f lu x  fo r  4 hr
and then hydrolyzed with 10% HC1. A white p re c ip ita te  was collected
by suction f i l t r a t i o n  and re c ry s ta l l iz e d  from a chloroform/hexane
mixture, mp 230-231° (15%). I r  and nmr analyses showed the product to be
phenyl c y a n u r a t e j l i t ^ 76  ^ mp 224-225°.
UNH i r :  23418, 23433
Sadtler i r :  41797
UNH nmr: 7710
Sadi te r  nmr: 13819
The ether layer was separated and washed twice with 15% NaOH, 
dried (MgSO^), and concentrated in vacuo. An in frared  spectrum of the 
residue (UNH i r :  23416) showed the presence of n i t r i l e  ( v ( C = N )  2220 cm"^).
GC analysis showed one strong peak ( I )  a t  re tention  time 33.0 min and one 
smaller peak ( I I )  w ith retention  time 39.5 min, in addition to several 
peaks with low retention  time. By co llec tion  of peaks I and I I  and 
spectrophotometric analyses i t  could be shown th a t  I I  is  £-methoxy- 
benzon itr ile  (compared to the spectrum published by S a d tle r ) .  Peak I 
is te n ta t iv e ly  assigned as m-methoxybenzonitrile. I ts  nmr spectrum 
shows the ch aracter is t ics  o f a meta compound, and the i r  spectrum shows 
a n i t r i l e  ( v ( C = N )  2222 cm- 1 ) and meta bands (v(Ar-H) 750 cm"'* and 
690 cm"^). An attempt was made to oxid ize the sample to the acid by 
sequential treatment with a lk a l in e  hydrogen peroxide and base, but th is
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was unsuccessful.
Gc Conditions: Column Temp: 125°
Detector Temp : 185°
Gas Flow: 60 mL/min
Yield  Data




UNH i r : 23385 23385
Sadtler i r :  - 14300
Investigation of the Reaction of m-Dianisylcadmium with Malonyl Pi ch lo r id e .
To the Grignard reagent prepared from 1.87 g (0.010 mol) of m-bromoanisole
and 0.24 g (0.010 mol) of magnesium (Baker) in 25 mL of dry e ther , was
added 0.92 g (0.005 mol) o f cadmium chloride. A f te r  a re f lux ing  period
of 30 min, when the Gilman te s t  was negative, a solution o f 1.41 g
(0.010 mol) of malonyl d ich loride  in 25 mL of dry ether was added drop-
wise. S t i r r in g  was continued fo r  1 hr and then the mixture was hydrolyzed.
The ether layer was separated, washed with 5% NaHC03 , b rine , and water,
dried (MgS04 ) and concentrated in vacuo to  give 48% residual o i l .  I ts  i r
spectrum contained no bands in the carbonyl region. (The Sadtler spectrum
fo r  1 ,3-indanedione shows bands a t  1690-1750 cnf^ fo r  the carbonyl
s tretches). The crude o i l  was heated with concentrated HC1 fo r  1 hr.
Again, a f te r  work-up, no ketonic products could be observed in the i r .
UNH 1r: 23275, 23272
Sadtler i r :  3505 ( fo r  1 ,3-indanedione)
Sadtler i r :  47448 ( fo r  5 -ch loro-l,3 -indanedione)
90
RESULTS AND DISCUSSION
The purpose of th is  part of the investigation  was to examine 
the scope and l im ita t io n s  of the organocadmium rearrangement f i r s t  
observed by Klemm and coworkers (1) and la te r  elaborated by Dauben and 
C olle tte  (2 ) .  I t  was decided to observe whether or not other substi­
tuents than the documented methoxy would lead to rearranged products 
and to what extent. Also we decided to tes t  the methoxy compound and 
compare the results  to those obtained by Dauben. Trapping agents other 
than acetyl chloride were chosen fo r  reaction with dianisylcadmium. 
Changes in the composition o f the anisylcadmium reagent were next 
considered fo r  reaction with acetyl chloride to determine th e i r  e f fe c t  
on the rearrangement. Finally,experiments leading to the understanding 
of the rearrangement mechanism were performed.
Ring ac tiva ting  and deactivating groups were chosen so as to  
round out a survey of the aromatic substituents and determine th e ir  
e f fe c t  on the rearrangement. Inasmuch as the usual ring deactivating  
groups, such as n i t r o ,  carbethoxy, keto, could not be used, because of 
th e ir  incom patib il ity  with the corresponding Grignard reagent, t r i -  
fluoromethyl was chosen. The necessary reagent was prepared eas ily  
by brominatlon of a ,a ,a - t r i f lu o ro to lu e n e  in the presence of iron f i l in g s  






spontaneous I n i t i a t i o n ,  while only a small amount o f magnesium remained 
unconsumed. A fte r  formation of the cadmium reagent, acetyl chloride  
was added dropwise with some re flux ing  (Scheme I I ) .
Gas chromatography of the iso lated  product showed one large peak 
at retention  time 8 .9  min and several smaller peaks with shorter  
retention times. Nmr and i r  analysis of the la s t  peak, isolated by 
multip le col lections,showed i t  to be m-trifluoromethylacetophenone. The 
i r  compared exactly to tha t published by Sadtler. The melting point of  
the semicarbazone corresponded to th a t  c ited  in the l i t e r a t u r e  (170).
The gc e lu tion  was continued fo r  an additional 20 min, but no fu rth e r  
peaks were observed. The e a r l ie r  peaks were shown to be e ther,  
a , a , a - t r 1fluorotoluene and unchanged m -brom o-a,a ,a-tr if luoroto luene.
Thus, strong ring deactivation leads to unrearranged product.
The fluoro  group, which activates i ts  para position s l ig h t ly ,  
was examined next. For th is  purpose m-bromofluorobenzene was required. 
Treatment of m-bromoaniline with nitrous acid gave the diazonium s a l t ,  
to which was added f luoboric  acid. The pink te tra fluorobora te  s a l t  was 
dried overnight and then decomposed with heat by means of a flame. 
Contrary to the l i t e r a tu r e  description (157),  the decomposition, once 
i n i t ia te d ,  did not proceed spontaneously; instead repeated flaming was 
necessary to complete the conversion to the fluoro  compound (Scheme I I I ) .
Scheme I I
Scheme I I I
The Grignard reagent was formed e f f i c i e n t ly ,  as indicated by disappearance
of a l l  the magnesium. Conversion to cadmium reagent and treatment with
acetyl chloride followed as before. Gc analysis o f  the reaction mixture
showed one large peak with retention  time 2.4  min and several peaks which
appeared e a r l ie r .  These components were id e n t i f ie d  by peak enhancement
to be e ther , fluorobenzene and unchanged m-fluorobromobenzene, in order
of emergence. No additional peaks were observed a f te r  continuation of
the gc tracing fo r  an additional 20 min. The peak with the longest
retention time was collected. I t s  i r  matched th a t  published by Sadtler
for m-fluoroacetophenone, and the 2,4-DNP d er iva t iv e  corresponded in
melting point to th a t  reported in the l i t e r a t u r e  (169). In the nmr
spectrum the aromatic multi p ie t  was s p l i t  in to  many sharp peaks due to  
19the influence of F coupling. No published spectrum was ava ilab le  
fo r  comparison. Although the f luoro  group is known to ac t iva te  i ts  para 
position when on an aromatic r in g ,  rearrangement was nevertheless not 
observed.
The m ild ly  ac t iva t in g  methyl group comparable to f luoro  was then 
tested in th is  series of experiments. Reaction o f acetyl chloride with  
the cadmium reagent, prepared from commercially ava ilab le  m-bromotoluene, 
produced an o i l .  Analysized by gc, th is  contained one large peak with 
retention time 4.5  min and several smaller peaks with e a r l ie r  retention
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time. Collection of the large peak from the gc and i r  and nmr 
analysis showed i t  to be m-methylacetophenone. Both spectra matched 
those published by S adtler . A 2,4-DNP d er iva t ive  was prepared and I ts  
melting point compared well with that reported in the l i t e r a tu r e  (168).
The peaks with retention  times less than 4 min were e ther , toluene and 
unchanged m-bromotoluene. A small peak with re tention  time 20.5 min was 
collected and analysed by i r .  Although i t s  structure is  not assigned, 
i t  can be shown not to  be ^-methylacetophenone by comparison with 
the Sadtler spectrum fo r  that compound. This peak could represent 
£ , £ ' -d im ethylbiphenyl, or i t s  meta isomers; but because i t  was produced 
in such small q u a n ti t ie s ,  fu r th e r  analysis was not carried out. Thus the 
methyl group did not a c t iv a te  the organocadmium fo r  rearrangement.
Dauben, in his study, also found no rearrangement in the reaction o f  
m-ditolylcadmium with acetyl ch loride.
Methylthio was then considered fo r  study because i t  is  a strong 
r in g -a c tiva t in g  substituent. m-Bromophenylmethylsulfide was prepared 
by methylation of the sodium s a l t  of m-bromothiophenol. This was 
obtained by basic hydrolysis of the corresponding xanthate, which in  
turn had been iso lated  from the reaction of ethyl potassium xanthate 
and m-bromobenzenediazonium chloride (Scheme IV ) .  Ethyl potassium xanthate
Scheme IV
is eas ily  prepared by dissolving KOH in ethanol and adding carbon 






m-bromothiophenol and i t s  methyl th ioe ther.
Reaction o f the bromo compound with magnesium was not spontaneous. 
Instead, re f lux ing  overnight in ether was necessary before a Gilman tes t  
was pos it ive . When the corresponding cadmium reagent was prepared and 
allowed to  react w ith acetyl ch lo r ide , a bright yellow solution was 
produced. Gc analysis o f the crude, iso lated  product showed peaks that  
corresponded to e th e r ,  m ethylthionisole and unchanged s ta r t in g  m ate r ia l.
Two other peaks with retention  times 9 .0  and 12.4 min were collected and 
analysed. The i r  and nmr matched exactly  the Sadtler spectra fo r  ^-methyl-  
thioacetophenone. The peak with retention  time 9 .0  min was assumed to 
be m-methylthioacetophenone, however no spectra fo r  tha t compound could 
be found in the l i t e r a t u r e .  A 2,4-DNP has been reported, but the 
melting point was 198° which is the melting point o f  2 ,4 -d in itro p h en y l-  
hydrazine. Consequently, instead of th is  d e r iva t iv e  a semicarbazone 
was prepared whose elemental analysis was consistent with the s tructure .
The extent o f rearrangement was found to be 16% by gc analysis . Thus, 
ring ac tiva tion  by the methylthio group resulted in rearrangement, 
which, however, was less extensive than that promoted by methoxy.
The N,N-dimethylamino substituent, was considered as important 
group fo r  study because o f i ts  strong ring a c t iv a t io n .  m-Bromo-N,N- 
dim ethylaniline was synthesized stepwise from nitrobenzene as shown 
in Scheme V. Bromination of nitrobenzene and subsequent reduction in 
the presence of iron f i l in g s  gave m-bromoaniline. Adaptation of an 
alky la tion  fo r  the preparation of m -trif luorom ethyl-N ,N -d im ethylan iline  







Preparation o f the corresponding Grignard reagent by the usual 
means was unsuccessful, as indicated by a negative Gilman te s t .  The 
mixture o f  m-bromo-N,N-dimethylaniline and magnesium turnings was 
subjected to prolonged reflux ing  and s t i r r in g ;  i t  was activated by 
iodine, then by Mgl2 * ; entrai’ nnient was carried out with ethylene
bromide, and with fre sh ly  reacting magnesium. In no case was there  
evidence fo r  Grignard formation.
Attempts to prepare the Grignard reagent from active  magnesium 
according to the method of Rieke (173) were likewise unsuccessful. 
According to his preparation, anhydrous magnesium chloride is  reduced 
to f in e ly  divided magnesium metal by allowing i t  to react with  
potassium metal in THF a t  re f lu x .  In only one case was a pos itive  Gilman 
tes t noted a f te r  the bromo compound has been introduced.
Gc analysis and vacuum d i s t i l l a t io n  o f  a portion of the isolated  
oil  from th is  reaction mixture allowed the separation of s ta rt ing  
material and the hydrolysis product, N ,N-dim ethylaniline. Also obtained 
was a compound, te n ta t iv e ly  assigned w-hydroxybutyl aceta te , which could 
have resulted from THF ring opening. The assignment of th is  structure  
was based on i ts  i r  s im i la r i t y  to the Sadtler i r  (15581) fo r  w-methoxy- 
butyl Bacetate.
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Another method fo r  the reduction of magnesium ch loride , sodium 
naphthalide being the reducing agent, was employed (172). A Gilman te s t  
was positive  a f te r  the bromo compound had been added to the reduced 
magnesium in THF. A fte r  reaction of the corresponding cadmium reagent 
with acetyl ch loride , work-up afforded an o i l  whose gc analysis showed 
only s ta r t in g  m aterial and hydrolysed product. These results  are not 
surprising in view o f  the report (177) th a t  the Grignard reagent from 
£-bromo-N,N-dimethylaniline is  extremely d i f f i c u l t  to  prepare. Even 
addition o f 2 .5  molar equivalents of iodine and 50 molar equivalents of  
ethyl bromide to an excess of magnesium turnings produced the Grignard 
reagent in only 60% y ie ld .  Other authors (178) have described £-bromo- 
N,N-dimethylaniline as a compound " in e r t  to Grignard formation".
An a l te rn a t iv e  fo r  formation of organometallics is  halogen-metal 
interconversion. In fa c t ,  the reaction of n_-butyllithium and m-bromo- 
N,N-dimethylaniline resulted in almost complete conversion to the lith ium  
reagent a f te r  a re f lu x  period of 4 h r, as shown by TLC of a hydrolyzed 
aliquot and a pos itive  Gilman te s t .  A f te r  the addition of cadmium chloride  
and a re f lu x  period of 8 h r ,  the Gilman te s t  remained s t r ik in g ly  
positive . The te s t  became negative only a f te r  the mixture had been 
treated with MgClg and CdClg and held a t  re f lu x  fo r  another 16 hr.
In frared analysis of the crude isolated product showed a band a t  1715 cm“^ , 
ind ica tive  o f a carbonyl. Preparative TLC showed four major bands. Those 
with Rf =0.0 to 0 .2  again showed in frared  stretching bands a t  1715 cm“\
(The carbonyl band fo r  £-N,N-dimethylaminoacetophenone is at 1660 cm“\  
according to the Sadtler spectrum.) Although the i r  may be ind icative  
of the carbonyl fo r  the meta isomer, no spectrum fo r  th a t  compound is 
ava ilab le . Kugelrohr d is t i l l a t io n  of the remaining portion of crude
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product provided f iv e  f ra c tio n s . In frared  analyses showed th a t  fractions  
A, C, D and E could have contained some ketonic products. Nmr analyses 
of these 5 fractions indicated th a t  fractions B, C and D had two peaks 
in the methyl region at & 2.78 and & 2 .84 , (The Sadtler spectrum fo r  
]>N,N-dimethylaminoacetophenone shows singlets  at 6 2.52 (CHgCO) and 
6 3.10 (NCHg), and an AB quartet (ArH) centered at 6 6.72 and 6 7 .9 5 . )
In none of the spectra were there any peaks a t  lower f ie ld  than <s 7 .50 ,  
and nothing could be id e n t i f ie d  as an AB quarte t.  Solid oximes could 
only be obtained from fractions C and E, th e ir  melting points being 
143-183° and 190-150°, respective ly . The l i t e r a tu r e  melting points 
for the oximes are 79° fo r  the meta and 220° fo r  the para. The broadness 
of the melting points fo r  the oximes prepared here may be due to the 
presence o f a mixture o f £  and 1 isomers. Thus there is  no evidence 
that a dimethyl ami no substituent promotes rearrangement. In f a c t ,  i t  is  
s t i l l  uncertain as to whether or not a cadmium reagent was formed.
Reike's reduced magnesium method seems to  hold the most promise, 
but i t  contains the serious drawback tha t THF is used as solvent, one 
which is subject to cleavage by organocadmium reagents. Perhaps magnesium 
chloride can be reduced in a d i f fe re n t  solvent such as diethylene  
glycol d ie ther e th er , which has the high bo iling  point needed to melt the 
potassium metal and ye t is compatible with acetyl chloride organocadmium 
reactions.
The dianisylcadmium reagent was next prepared and allowed to  
react with acetyl chloride. The acetophenones were id e n t i f ie d  by peak 
enhancement on the gc and co llec t ion  from the gc fo r  i r  and nmr analyses. 
These spectra matched those published fo r  authentic samples. Because 
q uantita tive  results  were needed fo r  the comparison, the gc was calibrated
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with known mixtures of m-methoxyacetophenone and biphenyl as the in ternal  
standard; and, s im i la r ly ,  £-methoxyacetophenone was ca lib rated  against 
biphenyl. I t  should here be noted th a t  the work by Dauben and C o lle t te  
in 1950, using UV and 2,4-DNP derivatives techniques, correlates n ice ly  
with our work in 1978, using more sophisticated techniques: gc, i r ,  nmr;
fo r  Dauben and C o lle t te  obtained a 35%:65% ra t io  of m- to £-methoxy- 
acetophenone, w h ile ,  from our experiments a ra t io  of 26%:74%, meta: para 
was obtained.
The formation o f "normal" and "abnormal" products can be v isualized  
as proceeding by two d i f fe re n t  reaction pathways. On the one hand, the 
normal product resu lts  by way o f the usual mechanism w ritten  fo r  cadmium 
reagents (Scheme V I ) .  The abnormal product results  from p art ic ip a tio n  of
+ ch3coci
\ ^ ^ C d R '
MgX,
C0CH.
+ CICdR' + MgX2
Scheme VI
the ring substituent in an aromatic e le c tro p h i l ic  substitu tion  (Scheme 
V I I ) .  The question of the presence of an acetylated arylcadmium reagent 

















Scheme V I I
In an attempt to drive the reaction in favor o f rearrangement, 
i t  was f e l t  th a t  magnesium sa lts  could be removed from the so lu tion ,  
thus making them unavailable fo r  aiding the "normal" reac tion , as 
depicted in Scheme V I.  The magnesium salts  were p rec ip ita ted  as 
complexes of dioxane. Various attempts were then made to remove these 
complexes from the mixture, including suction f i l t r a t i o n  on a Buchner 
funnel under nitrogen and tra n s fe r  of the solution to another round- 
bottomed f la s k  by means of forcing the solution through a Guchi funnel 
f i t t e d  with a glass wool plug th a t  was placed inside the reaction flask  
via. suction. In both cases no f i l t r a t i o n  could be rea lized  as the 
f i l t e r s  were plugged up quickly.
Thus acetyl chloride was added d ire c t ly  to the reaction f lask  
containing the prec ip ita ted  dioxane complex. I t  is not known i f  the 
dioxane complex is in equilibrium  with the d iethyl ether complex, thus 
making the sa lts  soluble again, or i f  the salts  become completely removed.
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However, when the product was analysed, i t  was found that a decrease in 
rearranged product had taken place (62%:38%; para:meta). I t  would 
certa in ly  be of in te re s t  to prepare "purified" dianisyl cadmium and 
allow i t  to  react with acetyl chloride to see what the product ra t io  is .
I t  would seem that the groups tha t strongly ac tiva te  th e ir  para 
positions would to some extent enhance formation of rearranged product. 
In a general way, then, the more the ring is  activated by the sub­
s t itu e n t ,  the more driv ing force there is fo r  rearrangement. I t  was o f  
in te res t to look fo r  a corre la t ion  between a+ values and rearrangement.
Table A l is t s  the y ie ld s ,  ra t io s  o f products and ring ac t iva t in g  
constants fo r  the reactions so fa r  mentioned.
TABLE A
The Reactions of Acetyl Chloride with Variously Substituted Organocadmium 
Reagents. G p p
+ ch3coci
COCH'3 COCH
G_ +0 % Y ield Relative Ratio
Meta Para
CF3 0.52 84 100 0
F -0 .07 82 1 00 0
ch3 -0 .07 52 1 00 0
ch3s -0 .2 4 30 84 16
ch3 0 -0 .5 0 37,39 28,23 72,77
ch3 o* -0 .50 35 38 62
( ch3 ) 2n -1 .7 0 X X X
*  Prec ip ita ted  magnesium sa lts  p r io r  to acety lation  
X Inconclusive resu lts .
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Indeed,of the substituents studied, the two with the most 
negative a+ values (179) are the ones leading to rearrangement. One 
would expect, then, the dimethyl amino group to lead to the highest 
amount of rearranged product. Although i t  was not possible to analyze 
products from the m-dimethylamino reagent, the melting point behavior 
of the oxime derivatives  suggests that the £-acetophenone may have been 
formed.
Next, we wanted to design other experiments to te s t  the f e a s ib i l i t y  
of Dauben's mechanism. I t  was f e l t  tha t i f  the complexing o f the 
leaving group of the acylating agent to the cadmium atom in the organo­
cadmium reagent plays a major ro le  in rearrangement, as in Scheme V I I ,  
then perhaps by changing the leaving group, the extent of rearrangement 
might be var ied , and th a t  th is  va r ia t io n  might be a function of the  
strength of the complex. Pearson's Hard and Soft Acid and Base Theory 
(1 BO) (HSAB) can be invoked to explain the strength of complexes between 
electron donors and acceptors. Cadmium is known to be a so ft  ac id , and, 
as a f i r s t  approximation, acety la ting  agents RCOX, where X is  s o f t ,  
should form "strong11 complexes and hence lead to more extensive rearrange­
ment.
Acetyl ch loride, acetyl bromide, acetic  anhydride and diacetyl  
su lf ide  were chosen fo r  comparison in th is  study. They represent 
acylating agents with a wide va r ie ty  of leaving groups. According to  
Pearson's HSAB Theory bromide and chloride are borderline cases, neither  
soft nor hard. But oxides are hard, while su lfides are s o ft .  Thus by 
th is  argument the most rearrangement should be noted with diacetyl 
s u lf id e ,  and the least with acetic  anhydride.
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TABLE B



















*  Results are fo r  duplicate experiments.
As can be seen from the results  l is te d  in Table B, HSAB Theory 
seems to hold fo r  a l l  but diacetyl s u lf id e .  The borderline cases are 
s im ilar  in th e ir  amount of rearrangement, and acetic  anhydride gives 
less rearrangement than the borderline cases. Perhaps other factors  
play the major ro le  in the reaction of d iacetyl s u lf id e .  One p o s s ib i l i ty  
may be th a t  the s te r ic  bulk o f the su lfu r  to cadmium complex or the  
length of bonds, causes a s h if t in g  o f the acetyl group out of position  
for attack a t  the position ortho to the cadmium atom.
Electronic factors may be important as w e ll .  Thus an explanation  
for the smaller amounts of rearranged product observed with the 
anhydride maybe tha t the acetyl group exerts an electron-withdrawing  
e f fe c t  on the a-substituent. I t  may be tha t d ipo lar resonance s tructures,  
as shown in Scheme V I I I ,  may be large contributors to the e lectron ic  




CHoC0-0-C-CHo 43 || 3
0
}  CH3 C0-0=C-CH3
0 ©
CHoCO-S-C-CHo f3 || 3
0
*  ch3 co-s=c-ch3 
0 0
Scheme V I I I
On the basis of current information i t  is d i f f i c u l t  to assess 
the re la t iv e  importance of these e ffec ts  in diacetyl su lf ide  as 
compared to acetic  anhydride.
The proposal that the cadmium atom complexes with the acetyl 
substituent and not the carbonyl has been supported by Cason (181).
In the reaction of a -e thy l-a -n_-buty lg lu taric  anhydride with d i-rn  
butylcadmium (Scheme IX ) ,  i f  one assumes that the cadmium atom 
complexes with the carbonyl oxygen, then formation of P would be 
expected to be the major product, since less s te r ic  hindrance would 




n-BuC0CCH2 CH2 C00H (69%)
n-Bu
Scheme IX
Thus i t  is  postulated that cadmium i n i t i a l l y  coordinates with the central
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oxygen, followed by breaking o f  the carbon-oxygen bond on the side 
favoring the less hindered cadmium carboxylate s a l t .
The next area to be investigated was th a t  of varying the 
composition of the dianisylcadmium reagent and observe what e f fe c t  th is  
had on the rearrangement. Thus, organocadmium chloride, bromide and 
iodide (ArCdX,X=Cl,Br,I) were allowed to react with acetyl chloride  
and acetyl bromide,and the results  are compared to those with the 
diorganocadmium (Table C).
TABLE C








E ! X % Y ield Relativei Ratios
Meta Para
m-Dianisyl Cl 37,31 28,23 72,77
m-Dianisyl Br 29,18 25,23 75,77
Cl Cl 41 25 75
Br Cl 25 24 76
I Cl 32 22 78
Br Br 21 24 76
The results  ind icate  th a t  no s ig n if ic a n t change in the amount of
rearrangement occurs when the type of. organocadmium reagent is a lte red .  
I t  can thus be concluded th a t  e i th e r  the e lectronic  structure about the 
cadmium atom is unaffected by these changes o r ,  i f  e lectron ic  pertur-
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bation e x is ts ,  these changes do not a f fe c t  the amount of coordination  
between the cadmium atom and the acety la ting  agent.
Then we looked at trapping agents other than acety lating  agents.
A less fa m il ia r  reaction of organocadmium reagents was performed in 
which m-dianisylcadmium was allowed to react with bromine to observe 
whether or not th is  trapping agent also gave rearranged product. For 
control experiments, two equivalents o f bromine were added to anisole  
in ether containing equivalent amounts of magnesium and cadmium s a lts .  
After a 24-hr period, i t  was found that a substantial amount of js-bromo- 
anisole was present, as determined by gc. Next, to determine whether 
the ra te  of th is  reaction was so fa s t  th a t  i t  would compete with bromino­
ly s is ,  anisole was treated s im i la r ly ,  but fo r  a maximum time of 5 sec, the 
reaction being quenched with sodium b is u l f i t e .  Gc analysis showed that  
no £-bromoanisole had formed.
Thus bromine was added in one portion to a suspension of m-anisyl-  
cadmium and the mixture was immediately quenched with sodium b is u l f i t e .
To ensure tha t the amount of m-bromoanisole tha t might resu lt  was not 
merely tha t from unchanged s ta r t in g  m a te r ia l ,  an a liquot was removed 
from the Grignard mixture, which having been heated and s t ir re d  at  
re f lu x  fo r  16 h r ,  contained no residual magnesium. Work-up and gc 
analysis showed that a l l  the m-bromoanisole had been converted to the 
Grignard reagent.
Gc analysis o f  the reaction product showed the presence of both 
m- and £-bromoanisoles, in a r a t io  o f 25%:75%; metarpara.
Thus brominolysis leads to a substantial amount of rearrange­
ment. By analogy with the acety la ting  agents, a mechanism can be 
proposed whereby one of the bromine atoms coordinates with the cadmium 











Another new reaction o f cadmium reagents (more f u l l y  described 
la te r )  is  that with phenyl cyanate. This unusual reagent was allowed 
to react as a trapping agent fo r  the rearrangement. I t  was found 
that 9% o f  the product n i t r i l e  was indeed £-methoxybenzonitrile. Here 
again the mechanism can be ra t io n a lized  by an i n i t i a l  coordination of the 
cyanate oxygen to the cadmium atom, followed by attack by the activated  
ring. Several proposals can be made fo r  the suppressed amount o f  re ­
arranged product. HSAB Theory predicts th a t  the oxygen is  a hard base, 
and so coordination with the so ft  cadmium atom would re s u lt  in a 
weakened bond. The electron-withdrawing influence of the n i t r i l e  on 
the oxygen may also make the electrons less ava ilab le  fo r  coordination,  







Another fa c to r  tha t may be important is  the l in e a r  geometry of phenyl 
cyanate; when coordinated with the cadmium atom, the n i t r i l e  group may 
be out of position fo r  attack by the aromatic ring (Scheme X).
A side product of phenyl cyanurate was formed in 15% y ie ld .
This could have arisen in two ways. F i r s t ,  the phenyl cyanate may 
have tr im erized  on standing as i t  had been synthesized two months 
e a r l ie r  and kept in a stoppered b o t t le ,  with no e f f o r t  to keep i t  in the 
cold or in the dark. Second, in the reac tion , phenoxide is formed as a 
by-product and may have catalyzed the t r im e r iza t io n  during the reaction  
period (4 hr) as shown in Scheme X I I .
+ PhO-C=N (PhO)-2 C=N + PhOC=N
©
PhO PhO PhO
(PhOkC=N-C=N + PhO-C=N ------- > (PhOf,CrN-C=N-C=N  >




PhO' '  M 'OPh P h O ^ ^ N ^ ^ o P h .
Scheme X I I
The cyanurate has the reported properties of in s o lu b i l i ty  in e ther ,  
water, acid and base. I ts  i r  and nmr spectra and mp match those 
reported in the l i t e r a tu r e  (see experimental, Part I I  B).
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An attempt was made to u t i l iz e  the d ifu n c tio n a lity  o f m -di- 
anisylcadmium, as Dauben had done, by its  reaction with malonyl 
d ich lo rid e . As in the work o f Dauben and C o lle tte , an assumption is  
made th a t an interm ediate resu lts  which s t i l l  contains a carbon cadmium 





Scheme X I I I
However when the reaction was run, no 1 ,3-indanedione was 
obtained; indeed no ketonic products could be observed by i r .  The only 
m aterials iso la ted  were unchanged s ta rtin g  m a te r ia l, anisole and malonic 
acid.
In the i n i t i a l  study by Dauben and C o lle t te , cyclohexenyl-1- 
carbonyl ch loride was allowed to react w ith m-dianisylcadmium. The 
product mixture contained, in  add ition  to the 3- and 4-m ethoxytetra- 
hydrobenzophenones (B and C, in Equation 1 ) , a large amount o f 
2-methoxyhexahydrofluorenone (A, in Equation 1 ) ,  which resulted  from 
i n i t ia l  rearrangement o f the acid ch lo ride . To account fo r  th is  
product, Dauben and C o lle tte  proposed the formation o f interm ediate E
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from the in i t i a l  rearrangement to the benzophenone d e riv a tiv e . This 
then underwent 1 ,4  add ition  to  the a,e-unsaturated ketone to give the 
fluorenone as in  Scheme XIV.
Formation o f the f in a l product, by a F rie d e l-C ra fts -ty p e  reaction  
during work-up, was discounted since 4-methoxy-3‘ , 4 ' , 5 ' , 6 '-te tra h y d ro -  
benzophenone (Q ), when treated  w ith ac id , did not form any fluorenone 
while the 3- isomer (R) gave the corresponding fluorenone upon treatm ent 
with formic acid . These authors then compared the UV spectra of the 
authentic fluorenones with th a t obtained fo r  the cadmium reaction  










Furthermore the re la t iv e  y ie ld s  achieved in  the reaction  were 
reported to be 10% of the 3-methoxybenzophenone d e riv a tiv e  (R ) , 50% o f 
the 4 - isomer (Q) and 40% of the 3-methoxyfluorenone (S ).
These resu lts  then ind ica te  th a t the rearrangement occurred to the 
extent of 90%. Other authors have claimed th a t the reaction  o f aromatic 
acid chlorides w ith m-dianisylcadmium gave 100% rearrangement. As a 
ra tio n a liz a tio n  o f these re s u lts , i t  seems possible th a t the cadmium 
reagent may have undergone a 1 ,4 -a d d itio n  to the double bond, th is  being 
followed by formation o f a ketone and subsequent attack by the activated  






Although th is  type of transform ation has not been observed fo r  
reactions o f a,B-unsaturated acid ch lo rid es , i t  cannot be discounted as 
a possible explanation fo r  the re s u lts .
Because interm ediate E was proposed as a possible interm ediate in 
the reac tio n , an investig a tio n  was undertaken to determine whether th a t  
interm ediate was fe a s ib le . Accordingly, 20% DC! in D20 was used to
I l l
hydrolyze the m ixture obtained from acid ch loride treatm ent o f m -d i- 
anisylcadmium. A fte r  work-up and gc separation, nmr spectra showed 
that no deuterium had been incorporated in to  the m- or £-methoxy- 
acetophenones. I f  interm ediate E was indeed present in the reaction  
m ixture, deuterium should have shown up in the position o f the carbon 
to cadmium bond.
The p o s s ib ility  of the solvents providing the proton fo r  
hydrolysis was discounted when 3-m ethoxy-2,4,6-trideuterophenyl cadmium 
was allowed to react w ith acetyl ch loride and hydrolyzed w ith 2N HC1.
Gc is o la tio n  and nmr spectra showed 3-deuteriums in the aromatic ring  
and only one proton. The conclusion to be drawn from these resu lts  is  
that the acetyl ch loride  reacts to give the corresponding ketone with  
subsequent loss o f HC1 (DC1) as a by-product th a t hydrolyzes the cadmium- 









The mass spectra fo r  these compounds seem to f i t  n ice ly  w ith  
our e a r l ie r  nmr resu lts  obtained from the DC! hydrolysis experiments.
The in tegra tion  o f the aromatic protons is  shown to  be decreased, 
presumably due to  ring  exchange during work-up. The tr id e u te ro -4 -  
methoxy compound was present in the amount o f 39.3%, w hile the dideutero  
compound was 46.1% fo r  the 4-methoxyacetophenone. This is  not surprising  
since exchange could have taken place during the acid hydro lysis , some 
of the deuterium atoms in the 3 and 5 positions being replaced. These 
positions are activated  by the methoxy group and, in  comparison to the 
meta compound, are not deactivated by the acetyl group.
In the meta compound the trid eu te ro  compound was present in  the 
amount o f 67.6%, w hile the dideutero compound accounts fo r  27.2%. 
According to the proposed mechanism fo r  "normal" cadmium reactions, 
the three deuteriums should have remained in  pos ition . Here again, 
however, some o f the ring  deuteriums were apparently exchanged during 
acid hydrolysis to give dideutero compounds. I t  is  assumed th a t exchange 
in the meta product was less extensive than in the para product because 
the 2 ,4 , and 6 protons in  the form er, although activated  by the methoxy 
group, are deactivated by the acetyl group (see below).
OMe OMe
coch3
a = activated  
d = deactivated
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During the course o f th is  in v e s tig a tio n , i t  was noticed th a t  
the nmr signal fo r  the acetyl protons was s u b s ta n tia lly  decreased. I t  
was thought th a t some biphenyl was leaking through the gc and subsequently 
being analyzed in the nmr spectra. Some authentic £ ,£ '-d im eth o xyb i-  
phenyl was prepared and shown to e x h ib it  an nmr spectrum d is t in c t  from 
that of the previous sample. Thus pure m- and £-methoxyacetophenones 
were placed in  an nmr tube w ith  20% DC! in DgO, and spectra were 
measured at various in te rv a ls . I t  was c le a r ly  shown th a t the acetyl 
protons exchange w ith deuterium over a period o f 48 hr. In  another 
experiment 20% DC! in DgO was added to £-methoxyacetophenone in ether 
and allowed to react fo r  2 hrs under "normal" reaction conditions.
Nmr analysis o f the resu ltan t product showed the spectrum to be id en tic a l 
to th a t obtained fo r  the £-methoxyacetophenone from the reaction  
m ixture.
To summarize, strong ring  a c tiv a tin g  groups enhance the re ­
arrangement of organocadmium reagents when reacted w ith acetyl ch lo rid e , 
w hile weakly a c tiva tin g  and deactivating  groups show no rearrangement.
When d if fe re n t  ace ty la tin g  reagents were allowed to reac t w ith d ia n is y l-  
cadmium, d ifferences in the amounts o f rearrangement were observed. No 
change was noted when d if fe re n t  types of anisylcadmium reagents were 
allowed to react w ith acetyl ch loride or acetyl bromide. Dauben's 
proposed interm ediate E seems inaccurate in l ig h t  o f the re s u lt th a t the 
proton (deuterium) in the position para to  the a c tiv a tin g  group is  lo s t  
p rio r to hydrolysis and finds i t s e l f  a v a ilab le  fo r  hydrolysis o f the 
carbon cadmium bond. Thus the route Dauben proposed fo r  fluorenone 
formation is  not completely accurate.
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APPENDIX
Below are the mass spectral analyses (70 eV) fo r  2 ,3 ,5 -tr id e u te ro -4 -  
methoxyacetophenone (AA) and 2,4,6-trideutero-3-m ethoxyacetophenone (BB). 
These data were furnished by the Department o f Chemistry, Massachusetts 
In s t itu te  of Technology, Cambridge, Mass.
m/e % abundance m/e % abundance
d0 135 1.5 150 1.5
dl 136 10.7 151 1 1 . 2
d2 137 47.2 152 46.1
d3 138 39.1 153 39.3
d4 139 1.5 154 1.7
do 135 0 150 0
dl 136 4 .6 151 3.7
d 2 137 29.2 152 27.2
d3 138 64.6 153 67.6
139 1.5 154 1.5
PART I I  
NOVEL REACTIONS OF ORGANOCADMIUM REAGENTS
A. The Reactions o f Indole Cadmium Reagents with Nonacidic N itro sating  
Agents.
B. The Reactions of Aryl Cadmium Reagents w ith Aryl Cyanates.
C. The Reactions o f Aryl Cadmium Reagents w ith  N itro sy l Chloride.
ABSTRACT
Indolylmagnesium iodide and indolylcadmium were allowed to react 
with n itro s y l ch loride and isopentyl n i t r i t e  to give co lo rfu l mixtures 
of inseparable compounds. The 2-phenyl indole d eriva tives  gave 3-oximino-
2-phenylindole. 2,3-Diphenylindolylcadmium, when allowed to react with  
n itro sy l ch lo rid e , gave yellow  compounds, one o f which gave a p o s itiv e  
Liebermann te s t (N -n itro s o ).
I t  was shown th a t ary l cadmium reagents react w ith ary l cyanates 
at ambient temperatures to give the corresponding n i t r i le s  in good to  
excellen t y ie ld s .
When aromatic cadmium reagents were allowed to react with  
nitrosy l c h lo rid e , l i t t l e  or no n itroso  compound could be obtained. 
Nitrosobenzene reacted w ith diphenyl cadmium to g ive , among other th ings, 
diphenyl amine and a n ilin e .
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Indole Grignard reagents have been known since 1910 (1 82 ), and 
th e ir  reactions w ith a m ultitude of substrates have been explored. The 
corresponding cadmium reagents, however, have not been reported in  the  
l i te r a tu r e .  Thus work in  our laborato ries  was undertaken to  provide 
information in  th is  area (183).
Although reactions of indole Grignard reagents are too numerous 
to mention here (184 ), a tte n tio n  can be drawn toward th e ir  reactions w ith  
acid chlorides and the structure  o f the Grignard reagent in so lu tion .
Indole Grignard reagents generally  give 3-acety l products when 
treated w ith acetyl ch lo ride . In some cases s ig n ific a n t amounts o f
1 .3 -d ia ce ty l compounds are formed. I t  has been reported th a t low 
temperatures favor the formation o f the 1 ,3  products (185).
When the indole Grignard reagents are substituted in  the
2-p o s itio n  by aryl or a lky l substituents , the products obtained are  
those substitu ted  in  the 3 -p o s itio n . Grignard reagents substituted in 
the 3- position react a t 100° to give the 2- substituted products and 
at ambient temperatures to give the N- substituted products, or a m ixture  
of the two products, depending on the acid ch lo rid e . As expected,
2 .3 -d isu b stitu ted  indole Grignards lead to  the N- substituted products. 
Aralkyl acid chlorides give only the 3- substituted products, as do 
aryl acid chlorides with unsubstituted indole Grignard reagents (186 ).
HISTORICAL
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The structure  o f indole Grignard reagents has received sporadic 
atten tio n . Early investiga tion  to determine whether the magnesium halide  
was bonded to n itrogen , as in T , or carbon, as in  U, was based on the
Gilman te s t . Nenitzescu (1 87 ), reporting  th a t indolylmagnesium iodide  
gave a negative color te s t with M ich le r's  ketone, considered th is  as 
evidence th a t structure  T was the correct one. This conclusion was also  
based on the fa c t th a t the pyrro le  Grignard reagent, which was considered 
to contain a carbon magnesium bond, gave a v io le t  color w ith the te s t .  
However, Gilman cautioned th a t the M ich ler's  ketone te s t can not be used 
to d istingu ish between C-MgX and N-MgX bonds (166 ).
More re c e n tly , K a tritzky  and Lagowski (188) proposed an ion ic  





Reinecke and coworkers have performed nmr studies on the indole  
Grignard reagent and have proposed structures ranging from s lig h tly
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covalent V (189) to  a resonance hybrid W (190 ).
6-
6 -
MgX <s+ MgX 6+
(V) (W)
Solvent studies Ind icate  th a t in io n iz in g  solvents such as HMPT,
the reaction  o f methyl halides with indolylmagnesium iodide occurs
to a large extent on carbon, w hile in less ion iz ing  solvents, such as
toluene or THF, N- m ethylation is q u a n tita tiv e . Moreover, m ethylation
occurs to a g reater extent with methyl iodide than w ith methyl ch loride
in an HMPT/THF m ixture (191).
Thus i t  seems th a t indole Grignard reagents contain an N-MgX
bond which has a variab le  degree o f ion ic  character a ffec ted  by many
13 15external fac to rs . C and N nmr studies should be of great value as 
a way to c la r i f y  th is  s tructu ra l dilemma.
The problem o f 1- versus 3- su b stitu tio n  has been studied more 
extensively w ith the a lk a li  metal indoles. I t  has been shown th a t the
1-  isomer becomes more abundant as the metal becomes more e le c tro p o s itiv e . 
Thus, the m ethylation of indolylpotassium occurs predominantly a t  the
1- position  (87% re la t iv e  y ie ld )  in  to luene, w hile  w ith the in d o ly l-  
lith iu m  compound i t  is  only 13% o f the product (192 ). I t  is  generally  
believed th a t , in a lky la tio n s  at le a s t ,  the more covalent species give  
C- a lk y la tio n  (less hindered) and more ion ic  species give N- a lk y la tio n  
(most e lec tro n eg a tive ).
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Other organom etallic d e riv a tiv e  o f indoles include those of 
titan ium , aluminum, calcium, z in c , mercury, s i lv e r ,  manganese and iro n , 
although few 1f  any of th e ir  reactions have been reported.
Of p a rtic u la r  in te re s t in the present in ves tig a tio n  are the 
n itrosation  reactions of indoles. Early workers reported th a t the 
reaction o f indole and substitu ted  indoles w ith various n itro s a tin g  
agents gave the 3- substitu ted  product. Campbell and Cooper (193) 
showed th a t the 3-n itroso indo le  and i ts  2- substitu ted  deriva tives  were 
in fa c t oximino compounds (S tructu re  X).
I f  the Indole is substituted on n itrogen , then these compounds are true  
nitroso compounds (see Table IX ) .
In the reaction of indole w ith n itrous acid (Table IX , entry #1 ). 
the main products, in  add ition  to 3-oxim inoindole, are indole red (Y) 
and the d in itro s o -d iin d o le  (Z) (Equation 55 ). Oximinoindole has also
N-OH















R i L E l N itro sating  agent Indole References
H H H HONO/AcOH 3-0ximino 194,195
H H H NaOEt/rv-PentylONO 3-0ximino 196
H Me H HONO/AcOH 2-M ethyl-
3-oximino
197




H H. Me HONO 3-Methyl
N-nitroso
194,199
H Ph H HONO/AcOH 2-Phenyl-
3-oximino
2 0 0
H Ph H Alkyl n i t r i t e 2-Phenyl-
3-oximino
201
H £ -T 0 l H HONO/AcOH 2 -£ -T o ly l
N -nitroso
2 0 2
H £-PhPh H HONO/AcOH 2-£-PhPh-
N-nitroso
202








Me Me H HONO/AcOH 2 - 0ximinomethyl-
3 -n itro so
203
H Alkyl Alkyl HONO N-Nitroso 194,202
123
been prepared from the condensation of 3-oxindole and hydroxylamine
Although reactions o f 2 -a ry l indoles w ith nitrous acid were 
reported to give N-nitroso compounds (Table IX , en tries  8 & 9 ) ,  
i t  is  thought th a t the oximino compounds are in fa c t the actual products 
(204).
The reaction o f 2-methyl indole with nitrous acid (Table IX , entry  
12) gives the 3-oximino-2-oximinomethyl indole as depicted in Equation 56. 
I n i t i a l l y ,  the probable product is  the 3-oximino compound, which is  then 
activated a t the 2 -methyl position  toward fu rth e r  e le c tro p h ilic  substi­
tu tio n  by the n itro s a tin g  agent.
There has been l i t t l e  recent work dealing w ith the studies of 
n itrosations o f indoles, and there are no reported examples o f organo-
m e ta llic  indole reactions with n itro s a tin g  agents. This then is  the 
subject of Part I I  A o f th is  th es is .
I t  was thought th a t by analogy w ith acetyl ch lo rid e , n itro s y l 
chloride might give 3-subst1tuted or 1 ,3 - d isubstitu ted  products w ith  
indole organom etallics. I t  has also been reported th a t treatm ent of 
S c h iff bases with organocadmium reagents resulted in  an acid-base 





with acetic anhydride, gave the N-acetylated product (205). In contrast, 
the Grignard reagent reacted under sim ilar conditions to give the C-ace 
tylated compound (Equation 57).
Equation 57
Because the analogy to indoles was apparent, i t  was reasoned that 
treatment of the indole cadmium reagents with nitrosyl chloride might 
lead to N-nitrosoindole, a compound that has never before been synthesized.
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EXPERIMENTAL
Indole and magnesium were obtained from J. T. Baker, cadmium 
chloride from VWR, methyl iodide and 2-phenyl indole from Aldrich Chemical 
Co.
The general procedure for preparing the cadmium reagents has 
already been described in Part I ,  page 67.
Nitrosyl Chloride. This procedure is essentially  that of Morton and 
Wilcox (206). A solution of 103.5 g (1.5 mol) of sodium n it r i te  in 
100 mL of water was added to a f i l t e r  flask containing 600 mL of 
concentrated HC1 by way of an addition funnel that is attached to a tube 
f it te d  into a one-holed rubber stopper. The tube extended well below 
the surface of the magnetically s tirred  acid. The side arm of the f i l t e r  
flask was connected, in tandem, to three drying tubes containing, in order, 
sodium n i t r i te ,  potassium chloride (wetted to 2.4% with water) and calcium 
chloride. The las t drying tube was connected to a gas collecting bulb 
that was kept in a Dry Ice-acetone bath during the reaction. Back 
pressure in the system was alleviated  by stopping the flow of sodium n it r i te  
for two-minute periods. A fter a ll the red-orange nitrosyl chloride had 
been collected in the Dry Ice trap , i t  was melted and transferred to a 
round-bottomed flask and connected to a special reflux condenser 
jacketed with a Dry Ice-acetone mixture. The red liqu id  was allowed to 
reflux fo r 1 hr. The acetone was then removed from the jacket by way of 
a spigot connected to the bottom of the condenser, and the gas was 
d is tille d  into another gas bulb surrounded by Dry Ice-acetone. The nitrosyl 
chloride was stored in the cold mixture in a good hood because the gas is
126
very corrosive and toxic. The Dry Ice usually remained fo r 36 hr in a 
Dewar fla s k , at which time i t  was replenished. When needed, the 
solid was melted and poured into a graduated cylinder and used immediately. 
(Gloves should be worn at a l l  times during manipulations with nitrosyl 
chloride). Yields ranged from 50-75%.
Isopentyl N i t r i t e . This procedure is an adaptation of that by Noyes 
(207). Into a 3-necked, round-bottomed fla s k , f it te d  with a mechanical 
s t ir re r ,  addition funnel extending to the bottom of the f la s k , and a 
thermometer, was placed 127 g (1.6 mol) of sodium n it r i te  and 500 mL of 
water. The solution was cooled to 0° and a mixture of 35 mL of water,
45 mL of concentrated F^SO ,^ and 150 g (1.7 mol) of isopentyl alcohol, 
previously cooled to 0 ° ,  was added dropwise, such that no gases were being 
evolved and the temperature was kept below +2°. A fter the addition, two 
layers were allowed to separate and were f ilte re d  from residual solid  
into a separatory funnel. The top (organic) layer was separated, washed 
with NaHCOg, brine and water, and dried (Na2S0 ^ ), to give 157 g (84%) of 
isopentyl n i t r i te .  This was used without further p u rifica tio n .
2 ,3-Diphenyl indole. This procedure is  essentially  that of Dolby and 
Rodia (208). A mixture of 32 g (0.15 mol) of benzoin, 48 g (0.51 mol) 
of an iline  and 20 g (0.15 mol) anilinium hydrochloride was heated for  
1 hr in a flask f it te d  with a reflux condenser. This mixture was cooled 
until semi sol id; 150 mL of 2N_ HOI was added, and s tirr in g  was maintained 
for 3 hr. The solid that precipitated was collected by suction f i l t r a t io n ,  
washed with 2N HC1, and recrysta llized  from ethanol to afford 29.6 g (69%) 
of pale yellow crystals; mp 123-124°; l i t ^ ^  mp 123-123.5°.
The Reaction of Indolylcadmium with Nitrosyl Chloride. A solution of 11.7 g 
(0.10 mol) of indole in 50 mL of dry ether was added to the Grignard
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reagent prepared from 2.4 g (0.10 mol) of magnesium and 14.2 g (0.10 mol) 
of methyl iodide in 50 mL of dry ether. A fter the evolution of gas (CH4) 
had ceased, 9.27 g (0.05 mol) of cadmium chloride was added in one portion 
as the solution turned to a gray-white suspension (Note: a Gilman test was 
not performed because i t  gives inconclusive resu lts ). A solution of 6 . 6  g
(0.10 mol, 4.7 mL) of nitrosyl chloride in 50 mL of dry ether was added
dropwise, whereupon a red precip ita te  was formed immediately. A fter the 
addition s tirr in g  was continued for 90 min and the mixture was poured 
onto 250 mL of 10% NH^Cl. The precip ita te was collected by suction
f il t r a t io n  to give 16.7 g of a red powder.
This solid was subjected to a variety of separation techniques, 
a ll of which proved fru it le s s . A t ic  separation on s ilic a  (9 :1 , CHCl^: 
acetone) showed six spots. Column chromatography (S ilic a  gel or Alumina), 
dry column chromatography (s i l ic a ) ,  preparative t ic  (neutral alumina or 
s ilic a ) and HPLC did not resu lt in any clean separations. Only crudely 
purified semisolids could be obtained. Sublimation and recrys ta lliza tion  
from solvents including ethanol/water and pentane/ether mixtures likewise 
gave no clean separations, as was the case withSoxhlet extraction with 
hexane, chloroform or toluene. Reactions of indole cadmium chloride, 
indole in the presence of tr ie th y l amine, or indole alone with nitrosyl 
chloride gave very s im ilar results.
The Reaction of Indole with Isopentyl N i t r i t e . To a magnetically s tirred  
solution of 4.0 g (0.034 mol) of indole in 50 mL of 95% ethanol was 
added 4.0 g (0.034 mol) of isopentyl n i t r i te  in one portion. The 
blood-red mixture was refluxed overnight with s tir r in g . The red solid  
formed upon cooling was collected by suction f i l t r a t io n ;  2.4 g; mp 
157-158° (dec). UNH i r :  23093; (v(0H) 3400-2600 cm"1; v(C=N) 1300-1400 cm"1,
v(ArH) 750 cm"1).
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The Reaction of 2-Phenylindolylcadmium with nitrosyl chloride. To the 
Grignard reagent prepared from 1.2 g (0.05 mol) of magnesium and 7.6 g 
(0.05 mol) of methyl iodide was added 8 . 6  g (0.05 mol) of 2-phenyl indole 
in 25 mL of dry benzene. A fter the evolution of gas had ceased, 4.6 g 
(0.025 mol) of cadmium chloride was added in one portion. S tirrin g  was 
continued fo r 30 min, when 3.3 g (0.05 mol) of nitrosyl chloride in 25 mL 
of dry benzene was added dropwise. When the addition was complete and 
s tirr in g  continued fo r an additional 30 min, a precip ita te  was collected  
by suction f i l t r a t io n .  Tic showed that the f i l t r a t e  contained unchanged
2-phenyl indole while the solid was a new product. Recrystallization from 
r -^amyl acetate gave 8.7 g (80%) of gold crystals; mp 239-254° (dec);
UNH i r  23093 ( v (0 H )  2900-2000 cm"1, v (C = N ) 1420 cm- 1 , v ( N - 0 )  1060-960 cm'1); 
l i t ^ 193  ^ mp for 3-oximino-2-phenylindole, 280° (dec). Recrystallization  
from acetone gave gold crystals , mp 268-270° (dec).
3-Benzoyloximino-2-phen.ylindole. To a suspension of 100 mg of the gold 
crystals obtained above in NaOH was added benzoyl chloride. Extraction 
with ether, washing with water, drying (NagSO^) and rotary evaporation 
gave orange crystals; mp 142-144°; 1i t^ 193  ^ mp 153°.
3-Acetyloximino-2-phenylindole. A mixture of 200 mg of the gold crystals  
obtained above and 10 mL of acetic anhydride was heated on a steam bath 
for 30 min and cooled. Ether was added, the organic layer was separated, 
washed with NaHCOg and water, dried (MgSO )^ and rotary evaporated to give 
orange crystals; mp 111-114°; l i t ^ 193  ^ mp 117°.
The Reaction of 2-Phenylindolylmagnesium Iodide with Nitrosyl Chloride.
To the Grignard reagent prepared from 1.2 g (0.05 mol) of magnesium and
7.1 g (0.05 mol) of methyl iodide in 100 mL of dry ether was added 0.7 g 
(0.05 mol) of 2-phenyl indole in 50 mL of dry ether. A fter th is mixture
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gas evolution had ceased, 3.85 g (0.021 mol) of cadmium chloride was 
added in one portion. A fter the mixture had been s tirred  fo r 1 hr and 
heated at reflux fo r 15 min, 2.75 g (0.042 mol) of nitrosyl chloride 
in 50 mL of dry ether was added dropwise. S tirrin g  was continued for 
1 hr, when 50 mL of water was added. The layers were separated; the 
organic phase was washed twice with water and once with brine, dried 
(MgSO )^ and concentrated in vacuo to a yellow o i l .  Tic separation 
showed three spots. Column chromatography on s ilic a  gel of a portion 
of this mixture gave no clean separation of products, but the fraction  
containing the largest amount of yellow compound, that with R^  = 0 . 8 , 
gave a positive Liebermann test fo r N-nitroso compounds (209).
The Reaction of 2 ,3-diphen.ylindole with Nitrosyl Chloride in the 
Presence of Triethyl amine. To a magnetically s tirred  solution of 1.35 g 
(5 mmol) of 2 ,3-diphenyl indole and 0.6 g ( 6  mmol) of tr ie th y l amine in 
25 mL of dry ether was added 0.33 g (5 mmol) of n itrosyl chloride in
25 mL of dry ether. A fter being s tirred  fo r 30 min, the mixture was 
f ilte re d  and the solvent was evaporated to give 1.4 g of crude yellow  
solid . Tic again showed three products in addition to unchanged 
starting m ateria l. Preparative t ic  on s ilic a  gave three bands, the one 
with Rf = 0.85 giving a positive Liebermann test (209).
The Reaction of Indolylcadmium, Prepared from Pimethyl cadmium, with 
Acetyl Chloride and Deuterium Oxide. To the Grignard reagent prepared 
from 0.72 g (0.03 mol) of magnesium and 4.26 g (0.03 mol) of methyl 
iodide in 25 mL of dry ether was added 2.3 g (0.015 mol) of cadmium 
chloride. A fter 30 min of s t ir r in g , 3.51 g (0.03 mol) of indole in
26 mL of dry ether was added dropwise as the solution turned bright 
yellow. Because no gas evolution was evident, the mixture was s tirred  
and refluxed fo r 10 hr. A fter being cooled, approximately one-half of 
the mixture was transferred to another round-bottomed flask f it te d  with a
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reflux condenser under a steam of nitrogen. To one flask was added 4.0 g 
(0 . 2 2  mol) of deuterium oxide, and s tirr in g  was continued fo r 18 hr.
The ether layer was decanted, dried (MgSO^), concentrated in vacuo and 
recrystallized  from petroleum ether; mp 4 9 - 5 2 ° ; l i t ^ ^  mp 52.5°. The 
crystals were calculated to be about 80% 1,3-dideuteroindole, based on 
nmr integration (UNH nmr: 7693). To the other portion was added 2.8 g 
(0.015 mol) of acetyl chloride in 10 mL of dry ether. Immediately a red 
precipitate formed, and a fte r 30 min,itwas collected by suction f i l t r a t io n .  
Recrystallization from water gave orange needles; mp 185-188°; (UNH i r :  
23419; UNH nmr: 7692). The compound is ten ta tive ly  assigned the structure
of 3-acetyl indole on the basis of the reaction of indole with acetyl 
chloride. In that experiment some indole in ether was added to a solution 
of acetyl chloride in ether. A fter about 1 hr the solution was red and 
a red compound had formed. Recrystallization of the f il te re d  precip ita te  
from water gave orange crystals; mp 184-188°; mmp 179-185°.
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RESULTS AND DISCUSSION
The experiments described are the f i r s t  examples of reactions of 
indoles with nitrosyl chloride and also the f i r s t  examples of Grignard 
reactions with nitrosating agents. In addition, these are the f i r s t  
reports of cadmium derivatives of indoles.
I t  had been reported that with Schiff bases the organocadmium 
reagent produced an enamine which was metalated on nitrogen, as shown by 
the acetylation on nitrogen with acetic anhydride. I t  was thought that 
by analogy the cadmium atom might be bonded to the nitrogen p re feren tia lly  
and give N-nitroso compounds with nitrosating agents.
The reactions of indole organometallics with nitrosyl chloride are 
very colorful but extremely complex. Elaborate attempts at separations 
afforded only crude mixtures whose spectra were ambiguous. By analogy 
to past work, i t  is believed that the mixtures contain 3-oximino indole, 
indole, indole red, and the d in itroso-d iindole , as is shown in Equation 55. 
Very l i t t l e  has been reported about these compounds so consequently 
information for comparisons is v ir tu a lly  nonexistent. As a matter of 
in te res t, the las t reports of these compounds were in 1914 (196). More 
experimentation w ill be required before they can be properly characterized.
In the reaction of isopentyl n i t r i te  with indole, there was 
formed a sharp me!ting,red so lid , whose i r  spectrum had the characteristics  
of an oxime. Recrystallization from ethanol and water gave a solid with 
melting point 125-157°. Thus an.analytical sample fo r elemental analysis 
was unavailable.
In a ll  the other reactions involving indole and nitrosyl chloride, 
sim ilar red compounds were formed whose TLCs were very s im ilar.
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I t  was then thought that 2-phenyl indole would be a good model 
for these reactions. Indeed, the reactions of organometallic derivatives  
with nitrosyl chloride gave 3-oximino-2-phenylindole in good to excellent 
yields. Thus the prediction that the indole cadmium reagent would give 
mainly N-nitroso compounds from preferentia l bonding to the nitrogen was 
not borne out.
The use of reported (193) recrys ta lliza tio n  solvent fo r the 
oxirtrinophenyl indole derivative , rnamyl acetate (bp 180°), afforded 
orange crystals with a broad melting point. I t  was found that acetone 
was a superior solvent for these recrys ta lliza tio n s , glossy gold crystals 
with sharp melting points being obtained.
I t  is possible that some N-nitroso-2-phenylindole was formed in 
these reactions. Indeed, TLC of the f i l t r a te s  showed there to be 
three other compounds present. Again, chromatographic separations were 
unsuccessful.
In the reaction of 2-phenylindolylmagnesium iodide with nitrosyl 
chloride, a gray-green solid was isolated from the f i l t r a t e  in small 
quantity. This may be a C-nitroso compound from reaction with the 
aromatic ring , since C-nitroso compounds are characterized as being 
blue-green solids. I r  analysis did not give any conclusive results.
I t  is unknown why the reaction of n itrosyl chloride with 2- 
phenylindole gave a quantitative y ie ld  of yellow crystals with a low 
melting point. The i r  spectrum is characteristic  of the 3-oximino 
compound. Perhaps some impurities were present that caused a lowering 
but not broadening of the melting point.
Although no pure compounds were obtained from the reaction of
2 ,3-diphenylindolylcadmium with nitrosyl chloride, a positive
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Liebermanns test was observed with the fastest moving fraction  on TLC.
In this tes t a sample is added to a solution of phenol in concentrated 
H2SO4 . A dark blue color indicates the presence of an N-nitroso 
compound. This tes t is negative fo r C-nitroso compounds, oximes and 
nitro  compounds. Indeed, a negative test was observed when 3-oximino-
2-phenylindole was tested. Thus i t  is suspected that some N-nitroso 
compound in an impure state was obtained.
The reactions of indole compounds with methyl magnesium iodide 
are accompanied by evolution of a gas, presumably methane. Subsequent 
addition of cadmium chloride presumably gives the cadmium reagent.
When dimethyl cadmium was allowed to react with indole derivatives, no 
evolution of gas was observed, even over long periods of time. Although 
dimethyl cadmium is reported to be very reactive , th is  result suggests 
that i t  is not as strong a base as the Grignard reagent. This finding  
is in d irect contrast to the Schiff base reactions, which depend upon 
the acid-base nature of the reactants.
Because the Gilman test is inconclusive for these organometallics 
( i . e . indole Grignard reagent does not give a positive reaction), 
formation of the cadmium reagent can not be unambiguously v e rifie d . I t  
is thought that the cadmium atom exchanges with magnesium in the indole 
series because a gray suspension is formed when cadmium chloride is 
added to the Grignard solution. However, no gray precip ita te  was formed 
when dimethyl cadmium was allowed to react with indoles.
The deuteriation and acetyl chloride reactions are inconclusive 
inasmuch as indoles are known to react with DgO without any external 
influences and i t  was shown that acetyl chloride reacts with indole in 
a manner sim ilar to that of the indole cadmium reagent.
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Table X lis ts  the reactions and yields of the various indole 
compounds with nitrosyl chloride.
TABLE X
The Reactions of Indoles with Nitrosyl Chloride 
R
(Oj \ \  Rl Conditions 
H
Indole Products
R £1 Conditions % Y ie ld ^ IndoleProduct
H H Cadmium XX XX
H H Cadmium chloride XX XX
H H Triethyl amine XX XX
H H Ether XX XX
H H k2co3 XX XX
H Ph Cadmi urn 80 3-0ximino
H Ph Grignard 34 3-0ximino
H Ph Triethyl amine 30 3-0ximino
H Ph Ether XX XX
Ph Ph Cadmi urn XX N-nitroso
Ph Ph Triethyl amine XX N-nitroso
(a) XX means inconclusive results.
I t  is interesting to note that of a ll  the reactions of 2-phenyl indole 
with nitrosyl chloride, the one with the cadmium derivative leads to 
products in highest y ie ld . Perhaps th is  is  further support fo r the 
formation of the indole cadmium species.
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In summary, reactions of indole with nitrosyl chloride gave
complex mixtures which could not be to ta lly  id en tifie d  because of the
d if f ic u lty  of th e ir  separation. The 2-phenyl indole derivatives gave
3-oximino-2-phenyl indoles and perhaps some N-nitroso compounds. 2 ,3 -
Diphenyl indole reagents presumably give N-nitroso derivatives, although
th e ir structures were not unambigously id en tified . The problem of the
formation and structure of the indole cadmium reagent may best be solved
13 15by spectroscopic studies, in p artic u la r, C and N nmr.
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with formation of a variety  of imidourethanes and N-heterocycles. Aryl 
cyanates are indeed versatile  reagents.
I t  should be mentioned that alkyl cyanates are d is tin c tiv e , for 
they generally react with nucleophiles in an manner with loss of 
cyanate ion ( 2 1 2 ).
The reactions of carbon nucleophiles are less numerous, as very 
few reactions having been reported in the lite ra tu re . Two German groups 
simultaneously reported the reactions of carbon nucleophiles with aryl 
cyanates. Each allowed Grignard reagents, enamines, and sodio malonic 
ester derivatives to react with aryl cyanates. Martin and Rackow (213) 
claimed that two equivalents of Grignard reagent were required fo r  
formation of the n i t r i le  because the second equivalent was necessary for 
Lewis acid complexation of the nitrogen. These authors, however, found 
that the second equivalent of Grignard was also detrimental to the reaction, 
as i t  reacted with some of the product n i t r i le  to give symmetrical 
ketones. Grigat (214) reported that the reaction of phenylmagnesium 
bromide with phenyl cyanate (1:1 reactant ra tio ) at -50° gave a n i t r i le  
in 61% y ie ld . Martin and coworkers also reported the reaction of ethyl 
cyanate with aryl and alkyl Grignard reagents. Whereas arylmagnesium 
halides gave only n i t r i le s ,  the alkyl derivatives gave hydrocarbons, 
presumably from S^-types displacements.
Holm and Huge-Jensen (215) performed an extensive study on the 
reactions of alkyl and aryl Grignard reagents with alkyl and aryl 
cyanates. The yields of the corresponding n itr i le s  varied from 34% 
fo r tert-butylmagnesium chloride and isobutyl cyanate to 92% fo r te r t -  
butylmagnesium chloride and phenyl cyanate. I t  should be mentioned that 
the Grignard reagent was added inversely to the solution of cyanate, held 
at -78°. In none of these Grignard reactions could the imidate s a lt ,
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formed from the in i t ia l  addition across the n i t r i le ,  be isolated.
Other carbon nucleophiles that have been allowed to react with 
cyanates include enamines (to give a-cyanoketones), pyrroles in acid 
media (to afford 2-cyanopyrroles), and the sodium salts of a varie ty  of 
malonic acid derivative , ranging from m alononitrile to diethyl malonate 
and ethyl acetoacetate. This las t set of reactions give the 2-cyano 
compounds. In teresting ly , the m alononitrile formed cyanoform.
The advantages of aromatic n i t r i le  formation from the reaction of 
Grignard reagents are manifold. I t  is a directed synthesis from readily  
available reagents. One of the a lte rnative  methods of aromatic n i t r i le  
formation is the Sandmeyer reaction, involving diazonium salts and 
cuprous cyanide. This route involves the inherent drawback that some 
aniline  compounds are expensive, especially those with substituents on the 
ring, and the yields are usually moderate. Other methods include 
pyrolysis of arenesulfonates in the presence of sodium cyanide, nucleo- 
p h ilic  aromatic substitution on deactivated rings, and the Rosenmund-von 
Braun reaction, whereby aryl bromides are allowed to react a t high 
temperature with cuprous cyanide.
Although the formation of n itr i le s  from aryl Grignard reagents 
and aryl cyanates holds some promise, the low temperatures and sophisti­
cated procedures involved detract from its  value as a general method.
Thus a study was in it ia te d  to determine whether organocadmium reagents 
could be used to better advantage in the reaction with aryl cyanates.
This is the subject of Part II-B  of th is  thesis.
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EXPERIMENTAL
All spectra were obtained from instruments already described in 
Part I and were compared to Sadtler spectra where appropriate. The
reagents used were obtained from Aldrich Chemical Co. unless otherwise
noted. All temperatures are recorded in degrees Centigrade. All 
purified products were analyzed by gc and found to be 90-99+% pure. 
Contaminants were starting material, identified by peak enhancement, 
and phenol, identif ied  by gc collection and i r  analysis (UNH i r :  23492;
Sadtler i r :  843).
Gc Conditions: Column Temp: 178°
Detector Temp: 189°
Gas Flow: 100 mL/min
All retention times are noted in the appropriate sections. All yields
are based on the amount of cadmium reagent formed, i . e . the unchanged
starting material was subtracted from the amount used in t i  a l ly  and the
yields were then calculated.
Phenyl Cyanate. This procedure is essentially that of Vowinkel and 
Baese (216) and is s lig h tly  d ifferent from that reported in Part I .  To 
a solution of 15.9 g (0.06 mol) of cyanogen bromide in 200 mL of dry 
ether, held at -10° in a Dry Ice-acetone bath and with strong mechanical 
s t ir r in g , was added dropwise a solution of 14.7 g (0.15 mol) of phenol and
15.1 g (0.15 mol) of tr ie th y l amine in 200 mL of dry ether over a period 
of 30 min. The temperature was not allowed to exceed -10°. After the 
addition and 30 min of additional s t ir r in g ,  the mixture was f i l te re d  by 
suction, the f i l t r a t e  dried (MgSO )^ and concentrated in vacuo. Kugelrohr 
d is t i l la t io n  afforded 24.6 g (61%) of phenyl cyanate(UNH i r :  23478).
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This was stored in the refrigerator and protected from l ig h t .  
4 ,4 l-Dihydroxybiphenvl-bis-cyanate. To a rapidly stirred solution of 
2.12 g (0.02 mol) of cyanogen bromide in 50 mL of dry ether, kept at 
-5 ° ,  was added a solution of 2.02 g (0.02 mol) of triethylamine and 3.72 g 
(0.02 mol) of 4 ,4 '-dihydroxybiphenyl. After the addition and 30 min of 
s t ir r in g , the precipitated tr ie th y l ammonium bromide was removed by suction. 
The f i l t r a t e  was washed with 15% NaOH, dried (MgSO^), and the solvent was 
evaporated, to give 3.5 g (74%) of a white solid; mp 136-137°; l i t ^ ^  
mp 133-135°.
H-Methoxybenzonitri1e . To di-£-anisylcadmium (0.025 mol) formed in the 
usual manner was added 3.0 g (0.025 mol) of 4 ,4 1-dihydroxybiphenyl-bis-
cyanate in 25 mL of dry ether. Heat was generated and a white precipi­
tate formed. After addition, the mixture was refluxed for 30 min, 
cooled, and poured into 100 mL of 10% HC1. Work-up and Kugelrohr dis­
t i l la t io n  afforded 1.33 g (40%) of product; mp 56-58°; l i t ^ ^  mp 61-62°. 
Gc retention time was 7.5 min.
UNH i r :  23480
Sadtler i r :  14300
flrT o lu n itr i le . To 0.025 mol of di-o-tolylcadmium, prepared as previously 
described, was added 3.0 g (0.025 mol) of phenyl cyanate in 25 mL of dry 
ether. The reaction proceeded as above, and the mixture was hydrolyzed 
in the flask with 25 mL of 10% HC1. The usual work-up afforded 2.6 g of 
crude o il and 2.2 g (75%) a fte r  Kugelrohr d is t i l la t io n ;  gc retention time, 
2 . 0  min.
UNH i r :  23484
Sadtler i r :  2898
m -Tolun itr ile . To 0.025 mol of di-m-tolylcadmium, prepared as previously 
described, was added 3.0 g (0.025 mol) of phenyl cyanate in 25 mL of dry
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ether. Hydrolysis in the flask with 30 mL of 10% HC1, followed by 
work-up and Kugelrohr d is t il la t ion ,gave 2.15 g (73%) of a colorless o i l ;  
gc retention time, 2.5 min.
UNH i r :  23487
Sadtler i r :  2886
H -T o lu n itr i le . To 0.025 mol of di-£-tolylcadmium prepared as above was 
added 3.0 g (0.025 mol) of phenyl cyanate in 25 mL of dry ether. Hydrolysis 
in the flask with 25 mL of 10% HC1, work-up in the usual manner and 
Kugelrohr d is t i l la t io n  gave 2.15 g (6 8 %) of a colorless o i l ;  gc retention 
time 3.0 min.
UNH i r :  23489
Sadtler i r :  2887
Benzonitrile. To 0.025 mol of diphenyl cadmium prepared in the usual way
was added 3.0 g (0.025 mol) of phenyl cyanate in 25 mL of dry ether.
Hydrolysis, work-up and Kugelrohr d is t i l la t io n  gave 2.95 g (8 8 %) of a
colorless o i l ;  retention time, 1.9 min.
UNH i r :  23494
Sadtler i r :  2255
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RESULTS AND DISCUSSION
The usual methods for the formation of aromatic n i t r i le s  
often require involved procedures. Because the Grignard reagent was 
used to advantage to produce aromatic n i t r i le s ,  i t  was thought that the 
cadmium reagent might be as good, i f  not superior, for this synthetic 
preparation.
The Grignard procedures have been run at low temperatures, -78° 
and -50°, which are ideal conditions for t e r t - but.yl and other unstable 
reagents. Another reason for the low temperatures was to reduce the 
amount of ketonic side product from a second addition of the Grignard 
reagent to the n i t r i l e .  The present report shows that good yields can 
be realized by using the organocadmium reagent at room temperature with­
out concern fo r  ketone formation. Although the yields in this report 
were not maximized, i t  is thought that higher yields could be achieved 
by using higher reaction temperatures (benzene solvent).
In another report, alkyl cyanates were used to prepare n i t r i le s  
of the corresponding Grignard reagents. I t  was found that substitution  
to the hydrocarbon, to the extent of as much as 30%, was a serious side 
reaction. I t  would be of interest in subsequent research to compare the 
results of the cadmium reaction with alkyl cyanates with those of the 
Grignard reagent.
The cyano compounds of benzene, the isomeric toluenes and j>  
anisole were prepared in good y ie ld  as shown in Table XI. The proposed 
mechanism for this reaction is given in Scheme X V II I .
Another mechanism that involves a direct substitution of the 
aryloxy group by the cadmium substituent can be drawn for this reaction,
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TABLE XI
The Reactions of Organocadmium Reagents with Aryl Cyanates 
R2Cd + R'OCN  RCN
R R_|_ % Yield bp of N i t r i le  (171)
Ph Ph 88 69 (10 mm)
£-MePh Ph 75 90 (15 mm)
m-MePh Ph 73 84.5 (10 mm)
£-MePh Ph 69 91 (11 mm)





' ( ^  + PhOCdR
C=N
Scheme XVIII
Scheme XIX. This may explain why, in the case of the Grignard reactions, 
no imido magnesium salt could be isolated.
R-C=N + PhOCdRR2-Cd + Ph-0jC=N -
Scheme XIX
I t  would be of interest to observe whether magnesium salts are necessary 
for the reaction to occur as shown in Scheme XX. This could be done
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by purifying the organocadmium reagent and allowing i t  to react with 
phenyl cyanate.
I t  is interesting to note that the yields of the phenyl cyanate 
reactions are greater than 50%. One of the products contains a cadmium- 
oxygen bond (RCdOPh), and these compounds are known (217) to react slowly 
a second time, i f  at a l l . ’
I t  should be mentioned here that, in the reaction of m-tolylcadmium 
with phenyl cyanate, no rearrangement products were observed by gc 
analysis. This is interesting in l ig h t  of the fact that we showed that 
phenyl cyanate reacted with m-dianisylcadmium to give a 9% yie ld  of 
rearranged para product (Part I ) .
The preparation of j) -an ison itr i le  from the dicyanate of 4 ,4 ' -  
dihydroxybiphenyl proceeded in 40% y ie ld ,  lower than that from reactions 
with phenyl cyanate. The former reagent has the advantage of being a 
solid and more stable;thus, i t  is easily handled and no special pre­
cautions are required. The low yields may be due to secondary reactions 
as shown in Scheme XXI. The by-product may not contain a cyanate and as 







In summary, whether one uses the Grignard reagent or the cadmium 
reagent, these routes to the n i t r i le s  could be the methods of choice since 
negligible side products are observed, and products are unambiguous and 
the yields are good to excellent. Furthermore, these procedures require 




One of the most elusive functional groups in organic synthesis 
is the nitroso group. I f  sheer numbers of publications and reviews were 
an indication (218), one would think the route to the nitroso group was 
well-known and characterized. However, such is not the case. Because 
most syntheses of nitroso compounds are restricted by stringent reaction 
conditions, unavailab ility  of starting materials, lim itations on the scope 
of the reaction and low y ie lds, a general procedure for a mild, e f f ic ie n t  
preparation of nitroso compounds is sorely needed.
HISTORICAL
Oxidations of primary aromatic amines by HgSOg (219), peroxy- 
acetic acid ( 2 2 0 ) ,  and hydrogen peroxide in acetic acid (2 2 1 ) are the 
most common routes to aromatic nitroso compounds, although suppression 
of further oxidation is often a lim iting factor to be considered.
Reductions of n itro  compounds are likewise d i f f ic u l t  to control 
at the nitroso stage (2 2 2 ) ,  but often this is the method of choice, even 
though yields are low.
Free radical reactions of nitrosyl chloride with saturated 
hydrocarbons have been reported to result in good yields (223), but here 
the disadvantage is a lack of regioselectiv ity .
Ionic nitrosation requires active methylene compounds (224) with 
alkyl n i t r i te s  or nitrous acid under strongly basic or acidic conditions 
(225).
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Classical nitrosation of aromatic compounds with nitrous 
acid is limited to highly activated aromatic rings such as phenols, 
naphthols, or secondary and te r t ia ry  anilines (Fischer-Hepp Reaction, 
Equation 58 (226)).
PhNR2 + NaN02 + HC1 -------> £-0N-Ph-NR2 (80-89%)
Equation 58
Pyrroles (227) and indoles (228) have been nitrosated by alkyl 
n itr i te s  in the presence of metal alkoxides or by nitrous acid but here 
the position of attachment is to ta l ly  controlled by the heterocyclic ring.
Other methods include the Baudisch oxidative nitrosation (229), 
the thermolysis of open-chain alkyl n i t r i te s  (230), addition of nitrosyl 
chloride to alkenes (231), n itrosative decarboxylation (232,233), and 
oxidation of hydroxylamines (234). Each of these suffers from one or 
more of the above mentioned lim itations.
Recently organometallics have come under consideration as 
precursors for nitroso compounds. In 1970, i t  was reported that 
aromatic trimethyl stannanes are nitrosated with nitrosyl chloride.
The yields of the corresponding aryl nitroso compounds ranged from poor 
for halogen substituted rings to moderate to good for highly activated 
rings (235). Polyalkyl a ry l-  and activated arylmercury compounds have 
been nitrosated with nitrosyl chloride and nitrosyl sulfuric acid (NOSO^H), 
respectively, with yields ranging from poor to moderate (236).
The most important synthesis to date of nitroso compounds from 
organometallics has been that involving the corresponding organothallium 
reagent (237). These reagents lead to excellent yields for the
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polyalkylaryl substrates and to moderate yields fo r  the benzene, 
anisole, and chlorobenzene substrates. This synthesis has seemingly 
great potential but suffers from the fact that thallium compounds are 
highly toxic.
Although there are early l i te ra tu re  claims that Grignard reagents 
react with nitrosyl chloride to give nitrosobenzene in moderate y ie ld ,  i t  
has been shown in a recent investigation that, in fac t ,  the nitroso­
benzene was produced in only 3.2% yie ld  (238). The Grignard reagent is 
believed to react further with the nitroso intermediate to produce 
symmetrically disubstituted amines (Equation 59). This reaction is
PhMgBr + N0C1 ---------- >  PhNO ■ -P—-gBr> Ph9N-0MgBr
H90
Ph9NMgBr + PhOMgBr ----- -— > Ph?NH + PhOH
Equation 59
reminiscent of that of Grignard reagents with acid chlorides to give 
the corresponding alcohol.




/  \  /  \
Cl : Cl R
CC DD
(DD) i t  was proposed that the cadmium reagent, which adds only once to 
acid chlorides to produce ketones,would add only selectively to nitrosyl 
chloride to give nitroso compounds (Equation 60).
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Mg/THF/Np CdCWTHF/N,,
2RBr --------------- ^  2RMgBr  ----------- R
NOC1 > 2R-N0 + CdCl2
Equation 60
The overall reaction then would be conversion ' 
compound to a nitroso compound. The advantage of such 
be the abundant a v a ila b i l i ty  of halogen compounds that 
and the a b i l i ty  to direct the attachment.
iCd + 2MgBrCl
if a halogen 
a procedure would 
can be u t il ized
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EXPERIMENTAL
Nitrosyl chloride was prepared as described on page 125. All 
starting materials were either synthesized independently or were pur­
chased from Aldrich Chemical Co. All temperatures are reported in 
degrees Centigrade.
The Reaction of Pi phenyl cadmium with Nitrosyl Chloride. To the phenyl 
Grignard reagent (0.04 mol) prepared in the usual manner, in THF, was 
added 3.7 g (0.2 mol) of cadmium chloride and the mixture was stirred for  
30 min. To the mixture, cooled in an ice bath, was added dropwise a 
solution of 2.6 g (0.04 mol) of nitrosyl chloride in 25 mL of THF. The 
solution immediately took on a reddish color. After the addition the 
mixture was allowed to come to ambient temperature and then was poured 
onto crushed ice. Technical ether was added; the organic phase was 
separated, dried (Na2 S0 ^) and concentrated in vacuo. Steam d is t i l la t io n  
of the residual brown o il resulted in the collection of f i r s t  a green 
oil and then a yellow o i l ,  both turning brown on standing. Column 
chromatography (s i l ic a  or alumina) resulted in isolation of brown or 
yellow o i ls .  Various separation and extraction techniques, including
UNH i r  (green o i l ) ;  22332
Sadtler i r  (PhNO): 21426
freeze drying, did not afford any solid product (PhNO mp: 67-68°). When
the reaction was performed in ether or benzene similar results were 
obtained.
The Reaction of Di-n-Tolylcadmium with Nitrosyl Chloride. To the £ - to ly l  
Grignard reagent (0.1 mol) in THF was added 11 g (0.05 mol) of cadmium 
chloride; a f te r  a reflux period of 30 min and cooling, 6 . 6  g (0.1 mol)
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of nitrosyl chloride in 20 mL of THF was added dropwise. The mixture 
was stirred for 30 min at room temperature and then poured onto ice.
Steam d is t i l la t io n  gave a green o i l ,  followed by a yellow o i l ;  both 
turned brown on standing.
The Reaction of ja.-dianisylcadmium with Nitrdsyr'Chloride. To the Grignard 
reagent (0.1 mol) in THF was added 11 g (0.05 mol) of cadmium chloride, 
and the mixture was stirred for 30 min. A solution of 6 . 6  g (0.01 mol) 
of nitrosyl chloride in 25 mL of THF was added dropwise and s t irr in g  was 
continued for 30 min at room temperature. The mixture was then poured 
onto crushed ice and extracted with ether, which was dried (NagSO^), 
concentrated in vacuo, and steam d is t i l le d  to give only a yellow oil 
which quickly turned brown. On t ic  analysis the crude product showed a 
band of green with high Rf .
The Reaction of Pi-m-Trifluorophenylcadmium with Nitrosyl Chloride* To 
the Grignard reagent (0.05 mol) in THF was added with s tirr ing  
4.6 g (0.025 mol) of cadmium chloride. After the solution had been 
stirred fo r  30 min, 3.4g(0.05 mol) of nitrosyl chloride in 20 mL of THF 
was added dropwise, and s tirr ing  was continued for 30 min. The mixture 
was poured onto ice and extracted with ether; the ether layer was dried 
(NagSO^) and concentrated in vacuo. Steam d is t i l la t io n  gave only o ils .
The Reaction of Pi-j3.-Chlorophenyl cadmium with Nitrosyl Chloride. To 
the Grignard reagent prepared from ]3-chlorobromobenzene, (0.05 mol) in 
THF, was added 4.6 g (0.025 mol) of cadmium chloride and the mixture was 
stirred for 30 min. A solution of 3.4 g (0.05 mol) of nitrosyl chloride 
in 39 mL of THF was added dropwise. After the usual work-up, as above, 
steam d is t i l la t io n  produced only yellow and brown o ils .
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The Reaction of Pi phenyl cadmium with Nitrosobenzene. To a mixture of 
diphenyl cadmium (0.05 mol) in ether was added a solution of 5.1 g 
of nitrosobenzene in ether. The reaction mixture immediately turned 
brown. After the addition and s tirr ing  for 30 min longer, the mixture 
was hydrolyzed in the flask with 25 mL of 15% HC1. The ether layer 
was separated, dried (MgSO )^ and concentrated in vacuo. Vacuum d i s t i l l ­
ation produced a green o il (unchanged starting m ateria l). When the 
residue was subject to column chromatography (s i l ic a ) ,  f ive  fractions were 
collected. The f i r s t  fraction was a semi sol id, which has the t ic  
characteristics and spectral properties of diphenylamine. The other 
fractions could not be identif ied . From the acid layer, a fte r  neutral­
ization and ether extraction was obtained aniline ( 10%), identified by 
i ts  i r  and nmr spectra.
UNH i r :  23492





From the controlled experiment i t  appears that nitroso compounds 
do not survive treatment under the reaction conditions with organo­
cadmium reagents. In fact this organometallic reacts with nitrosobenzene 
to give mixtures of products ranging from aniline to diphenylanime and 
probably various intermediate that could not be isolated. This is not 
surprising in l ig h t  of the fact that the Grignard reagent reacts sim ilarly  
with nitrosyl chloride to produce symmetrically disubstituted amines.
I t  is interesting to speculate that perhaps i f  these reactions were 
carried out in the absence of magnesium sa lts , then perhaps serious 
side products might not result. I t  is known that in the absence of 
magnesium salts the organocadmium reagent is not as reactive with carbonyl 
compounds as when these salts are present. Although i t  had been found 
that inverse addition of the Grignard reagent to the nitrosyl chloride 
did not a lte r  the product outcome, perhaps th is  would not be the case 
with the organocadmium reagents.
No solid compounds could be isolated from the reactions of 
organocadmium reagents with nitrosyl chloride. C-Nitroso compounds are 
known to be low-melting solids that are blue-green in color. Changing 
solvents did not seem to affect the reaction products. The in s ta b i l i ty  
of the nitrosobenzene formed ( identif ied  by comparison of i t s .  i r  to 
that of Sadtler) was noted since,almost as soon as i t  was isolated, i t  
turned yellow,then brown. Although much e f fo r t  was devoted to obtaining 
the green nitroso compounds,little attention was paid to side products.
155
Perhaps interesting compounds were produced from the product mixtures 
that could be identified in the future.
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